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and 72, Caynow STREET, Lonpon. 


STEAM ROLLERS, BROAD LOCOMOTIVES, 
STEAM CULTIVATING MACHINERY. 
STBAM WAGONS. TRACTORS. 

CEMENT-MAKING MACHINERY. 7667 


A. GCG Meier, ‘T{ 


CULVER STREET WORKS, COLCHESTER, 
On ADMIRALTY AND Wak OFFICE Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, page 33, last week. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS. 
And Auxiliary Machinery as supplied to the 
Admiralty. 2179 


Jorn H. Witton Co.11a. 


Birkenhead. 








See [Nustrated Advertisement 
Page 18. 


LocomotivesShunting(ranes 


Steam and Bacctric 


ranes, 
BXCAVATORS, CRANE-NAVVIBS, GRABS, 
CONORETE-MIXERS, 
SHIPS WINDLASSES, WINCHES, and 
DECK MACHINERY. 








6770 


Lists oF StawpaRp Sizes ON APPLICATION. 





London Office 
15, VICTORIA STRERT, S.W. 1. 





B. all earings 
Always British e Sizes. 
BLACKSTOCK BALL BEARING. CO., 


London Offices: 304, High Holborn, W.C. 1 
For Illustrated Advert., see page 6, April il. _ 7856 


Petter QO Eaeece 


Mannfactured by 


PRTSERS Luarrep, Engineers, 
ve our illustrated Advt. Baginege, Zeeth. 


(‘rig &D & Donald, Ltd:, Machine 


MAK "RS, Jumuerone, near Glasgow. 
For class of Machine Tools see our ——— 
Advertisement every alternate week. 


ky lectric Lifts | 


(OP TO 8 TONS). 
8. H, HEYWOOD & CO., LTD., 
REDDISH. 














] 


Ss‘ cam Hammers (with or 


without Hand-worked or 
TC0.5 for SHEPROLLDEES 2 pouaRMaimns. 
DAV S&P’ S, inxrvep,Laren Monpenes. 





Brett's ‘Patent, ifter (. 
i j2mmers, Fi Presses, Furnaces, 


Bever, Doni & Co., Ltd., 
‘H-CLASS BN it ALL PURPOSES. 
WINDING. B HAULING. AU OOm QOMPRESSING 
(Fanes.—Eleciric, Bisa: 
BrDes vate and HAND, 
oEeaee euseath £0. Lp. ates 





a 











| VOSPBR& CO., Ltp., Broan Street, P 


| See page 17, June 6. 


arrow & Co., Ltd., 


¥: SHIPBUILDERS AND ENGINEERS, 
wey 


G 5 
SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STBAMERS OF 
BxcepPrionaAL SmaLLow vGEz. 


by YARROWS, LIMITED, Victoria, British 
Columbia. 6876 
SuHipsurLpeRS, Sure REPAIRERS AND ENGINEERS. 


Repairs on Pacific Coast). 


les Limited, 


ea INEERS, 1RLAM, MANCHESTER, 
FEED WATER HEATERS, 


CALORIFIERS, EVAPORATORS, So 


Row' 
CONDENSERS, Al HRATRRS in 
Merrill’s Patent STRAINERS for Pump 


ATER SOFTENING and eet a 5123 





(Jampbells & Hee, L 4 


SPECIALISTS IN 
Drillers & Boring Machinery 


for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 4547 


“¥ achts, Launches or Barges 


Bullt Sone ese with Steam, Ol! or Petrol 
Motors ; or Machinery supplied. Od 8561 





TH. 


F[tubes and ‘Witti 


IRON AND ae 
Serer and Ljort's, Le 


WALD 8T., GLASGOW 
BROAD StRBRT CHAMBERS, BIRMINGHAM ; 
end LONDON OFFICE— 


win Ho be peer aD Street, B.C, 
LONDON WARBHOUSH-J61, Urn Teawes St., B.C. 
LIVERPOOL WA SH—63, PARADISE ST 
MANCH BR W. Ov , DEANSGATE: 
CARDIFF WARBHOUSE— 2 Sr. 
BIRMINGHAM WARBHOUSES—Nitxe Srreer, 


7268 


by = eine 
gy Tene STEAM TRAPS, REDUCING VALVES | F' 
GUNMRETAL STEAM PITTINGS. 


[ atone ora Neoposor | ‘fa eR ei 


arrow Patent 
Ri. Saashipock 


YARROW & OO., 
pRESSING and MACHINING of the various 
of Yarrow ers, such as e~ Steam 
ockets, and oe piegeronl nal British and 
ecessary facilities. 


YARROW 4 GO. 1 Ltp., > ., GOUTSTOUR, CuasGow. 
-) ohn Belany [med 


MILLWALL, LONDON, B. 
Gewerab ConsrrvctiowalL Byeiverns, 1916 


Boilers,Tanks & Mooring Buoys 


SrIL1s. gy Tan ECRIVERS, Sree 

CHIMNEY, ~g KA on nd Varna seine 

Prpss, By Sprctat Worx, Repams oF 
KINDS, 








RAILWAY AND TRAMWAY 


H™=: 


Tur Giascow Roiiime Srock AnD PLanT 
MorHERWELL. 








MULTITUBULAR AND 
CROSS-TUBB TYPES. 


Boilers. 
7263 


Bilectric i haaeaes 


8. H. HEYWOOD ao LTD., 
REDD 


Dr? Top orgings 
cainTSHmnii BENGINEERING & FORGE os 
Wellington Street, Glasgow. 
[rank Earnineaives 
Specification and Workmanship equal to 
Main Line otives, 
R. & W. HAWTHORN, LESLIE & O0O., Lep., 
Evotneens, NEWOASTLE-ON-TyNE. 7260 
r | ‘he Glasgow Railway 


vata Bhasin, Pay: 


Victoria Street, 5.W. 


(Yochran 














geet 
RAILWAY CARRIAGE, : WAGON & TRAMWAY 
WHEELS & AXLES. 
CARRIAGE & WAGON’ IRONWORE, also 
QAST-STEBL AXLE BOXES. 7312 








Hyzcavstors. 


FROM 50 TO 600 YARDS PER HOUR. 


D. Wnitter, 


1, Union Srreer, 
LEICESTER, 
AERIAL ROPEWAYS, CABLEWAYS, CRANES, 
teel (\astings. 


eet a vertisement ore alternate week. 
JO) HENDERSON -» ABERDEEN. 
" pencer- | [opw ” Patent 
Sole Makers; Boilers. 
Ww. aces at & ©OO., Hrromm, Hexrs. 
Ses page 15, ‘Tune 6, 1454 


oe 


London, 8.W. 1. 


6263 











“ A ptol” J ubricants. 





ig Finished “(iastings 


me cost b; Peso regan machini tions. 
Wrist for ftstrations to Ae Aanavons Lan, Sienapten, 


icon 
to avousine ies & ay re” tub: = 


Geko kent Wetrasaton Lenton, i N. 18, 


R. Heber, Radford, Son « Squire, 


ENGINBERING, IRON snp STEEL WORKS 


Valuers. 


OONSULTING we Te REFEREES, AND 


ON- 1 
rose - ( \overing 


G 





Established over 50 
Sr. JAMES ROW, SE 
Siseemane “ Radford, Sheffield.” 


ocomotive 
(ELECTRIC). 
S. H. HEYWOOD & OO., LTD,, 
REDDISH. 
GOLD MEDAL-Inventions Bxugerrion-AwaRpep. 


Deen s Patent nded 


wens MACHINES.—BAST FERRY 
BIsG WORKS co meAey, ian. 
nee Hyd ao last we week, page 15. —'7046 


S*%. 8 fyato-Pacumatie ASH Hjector. 
Gomiegema ss eis No noise. etsy No 

20ft. clear of vessel.—Apply, 
¢. * THRWANT 8 a Daten bases Mpiltiter #, 
London, 8.0. — . Od 4836 


7108 
FIELD. 
Telephone: 425. 


(['raversers 
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Pugs, Co. 


Hed, Wrightson & (o., 
LIMITED. 


See Advertisement page 83, Jane 6, 2402 





for Matthew pal & (?-, | Fe 


onxs, Dumbarton. 6832 


LevesForp W' 
Bee Pall Page Aave., page 82, May 0, 


“Mayor & (jhallen 


Presses. 


TAYLOR&CHALLEN, Lp. Bagi 
See Full Page Advertisement, May 30. 


Gteel (i sstings, 


THOMAS SUMMBERSON & SONS, Lop. 














8. H. HEYWOOD # 00,, LTD., 
REDDISH. 


P.* W. MacLellan, Limited, 


CLUTHA WORKS, GLASGOW. 


MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESORIPTION. 
RAILWAY IRONWORK, BR 





Registered Offices : 1084, Cannon 8t., Loudon, B.0. 





Ne Chicago Automatics. 


Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 1} in. through the wire feed. 


JOHN MACNAB, Manzy Sraret, Hyper. 


Tel. No.; 78 Hyde. 6874 
RRxbber 


MANUFACTURERS 
Packings - “fideo. 





GUTTA PERCHA & RUBABR, LIMITED, 





qe 6920 
The Scottish Tube Co., Lid, 





We diess. Tiset Raia 
sri as Rabin rm 


Wonxs: SALFORD, Mancurerzn. 71% Toronto - -  (nnada 7585 
Iron and Stee! " OHANTIBRS & ATRLIERS == 
M[iubes and = Piittings. A 28ustin - Normend 


61, rue de Perrey—-LB HAVRE 
(Franee). ; 


NORMAND'S 





Hav Orrice: 34, Robertson Street, Glasgow. 
See Advertisement page 103. 


Al taniniom 


INGOTS for JIGS & PULLEYS, 
SHEBTS for CHEMICAL VESSELS, 
WIRE for HLECTRIC CABLES, 
SECTIONS for MOTOR BODYWORK, 
TUBE for TYRE MANDRELS, 
POWDER for PAINT, &c., &c. 





Descniprive LearLers 
free from 


THM BRITISH ALUMINIUM ©0., Lrp., 
100, Queen Victoria 8t., London, B.C. 4. 


Bo e§. ve tkboune 


ammers, 








—_—_—— 3BRU 
eee Be, on D tamps, 
Wi Uoal or Ofl 
Heating. — Diceel DELIVERY. LARGR 


Boilers. | 


6004 
UNDERTAKE the. 


Nelson & (Co Li | 


DARLINGTON. ome 
Filectric T[Seseveere ; 
7182 


IDGHS,ROOFING, Be, 
Chief Offices; 129, Trongate, Guaseow. O84 M47 | 


ted 4 
SC yite 
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eeds University. 


ADMISSION OF S2UDANTS, OCTOBER, 1919. 


The next session of the University will OPEN on 
tone par al the yy! OCTOBER, 1919. Owing to the 
of the yoy —y gt ke that. 

" necessary 
tee n October next should make 
ible moment, and in 
e 30th June. In the 


ry 
BY DIREOTION OF THB DISPOSAL BOARD. 
THE MINISTRY OF MUNITIONS HAS 
Fo Disposal, 
30 FIGHTING TANKS. 
Tenders are invited (2) Complete with Engines, 


ete., witho 
Dethecer onele tae Dh cen 
ee he PS Wool, Dorset, where 


Forms can be ebtained from D.B. 44, 
Boom 383, Hotel Metropole, London, 8.W.1.. W426 


0. BBB « 





tee | BY DIRECTION OF THE DISPOSAL BOARD, 
MINISTRY 


older students, a) tion may be 
obtained from the SHORMT , The University, 
Application me a +d made by students who 


ve Monte yn noes as King’s 
Mn ge FM des: to Foamy > 


tne" Vaiversit next session will fill up a special 
form which with be snpeiet 
i Wit, _ 
Secretary, 


W 461 


B.&c., 


Leeds University, 
qth June, 1919. 


Lia EL! L. Mech. E., 
—Mr. G. P. 


: mye iaNDIDATHS po FS8.1., 
correspondence, 





ndreds of 
commence Ey time. 8, Fietora 
a. ome BW. sny time—9 


j[*. C.E., ‘Inst. Mech. E., 
and all Bxams. Oorrespondence 





Deaklet, be 
M.L.C.E. and A.M.ILM.E. 


A. Tultion, “Alse Postal Courses in Mechanical 
PHMNINGRONS aoe, Oniont Reed, Manchester 
orrespondlence Tuition 
Spovgons ‘or © Beh Inat.C.H., Inst Mech.8., 
Thnghoerten) Urieery conducted 
i versity 
in fully quallted Naginesr Fees t 
P eon MLOMs .8¢,.. BXAMINATIONS _ uy 
nal man. No failures 1902 to 1914. wan, 


of athe 
none em work in London ; terme.—Addreas, W 
Offices of Ex ". 














ersonal Tuition for 
ENGINEERING. 


THNDEBS. 





a, R. 


BY DIRECTION OF THE DISPOSAL BOARD 
MINISTRY OF MUNITIONS, 


SIEMENS MARTIN IN STHEL BLOOMS. 


The Minister of Munitions 
has FOR DISPOSAL the following material :— 
me fi 17.9 in, by 9 in, Sats Seen oe bed ok 

pltoation to DB. 4a, Doom 372, Hote Heteopeln 
Northumberland Avenue, W.0. 2, qonting, om 
BM/173/D.B. 4a. 





a, R. 


BY DIRECTION. OF THE DISPOSAL BOARD. 
MINISTRY OF MUNITIONS, 


SALE OF TINPLATES LYING 
RICHBOROUGH. 
he 


Minister of Munitions 
= the grag paces , lying at Richborough, 


~4 Ma 90 XxX 

Bboyl ... és 
14 by 10 eee ade oe 

Particulars and Tend Forms 

D.B. 44, _ 372, Hi 

Perland Avenue, *W.0. 2, q 


BM/00/D.B 


AT 


eee 





a. R. 


DIRBOTION OF THE DISPOSAL 
MINISTRY OF MUNITIONS. 


TINPLATBS FOR SALE, 


BOARD, 


OF OF MUNITIONS. 
500 HP. DIKSBL ENGINE. 


Fror_ Sake Sale, » by. , Public Tender, | Maple 
P. “ Diesel” uSSORIES, ty 
with SPAne” tow sg ACCESSORIES, 
Mirrless, Bickerton & 
Now lying at ee ein, Hazel Grove, near 
Tenders for above will be received up to l0a.m. 
en 30th sae, 1919, 
from THE OONTHOLLET ET (Dy Bection sesties, 
Charing Cross Raicnkment Baltdings W.0. *, Sy axe 





LONDON _DEPENORS. 
rian | eh [lenders ai are Invited for 
the London Defences in 


the DEMOLITION of all BARTH- 
wee u 

ime A North -Hadiel Marsh ~ River 

Crouch distance of about 

ten miles. 


Section B. North—River Crouch to Blackmore 
ae a distance of about 


eleven miles. 
Section C. North—Blackmore Mill to Rayley 
aoe N Weald, a distance 
about nine miles. 
Section D. North—Rayley Lane to River Lea near 
Brox! distance of 


of sbout eleven 


Section OC, South—Betsoms Hill to White Hill, a 

distance of about eight miles, 

Section D. South—White Hill to Wood, 

—— of a seven 

The tenders will be fora lumpsum for each of the 
~M> 


be obtained and maps 
sho’ ewer mee Some on 
,» London Defences. 


Eeiee ale 6000 tx eae envelopes marked 
“Pender for London Defences,” addressed to the 
Staff Officer, London 2, Great George 
Street, W inster, §.W. 1, delivered by Ten a.m., 
on ws 4th July, 1919. 

ene can be given that the lowest or any 
tender wi 
R. EUSTACE TICKELL, 
ff Officer, 
London Defences. 
London Def: 


5th June, 1919. W 420 





ROCKBESAKING. 
THE CORK HARBOUR COMMISSIONERS 


ee: for the {Purchase of a 


New Lobnitz ROCKBREAKING GBAR, 
of a 256 ton Ram to work to 50 ft. under 
water edie 2.--es nares eras Lifting Winch 


The inspected at = bmg mere nie 
Works at Oork, and the Drawt “a 
Department, Commissioner's ices, at 

should be received before One p.m., on 
Wednesday, June 18th, 1919. 

The Commissioners do not bind themselves to 

accept the highest or Tender. 


By JAMES LONG, 
Seere' 





JHARIA WATER SUPPLY SCHEME. 


d Ngwn are Invited for. the| 2” 
406 su 


and delivery of WATER ten (Cast 
or Reinforced ) up to 21 in. 
pam Eos 


Minister of Munitions | *$%So. 


be FOR DISPOSAL the following material 


Carlisle :— 
sues Watt any 





359, High Road, Brondesbu 
June 10th, 1919, 





sOUTH cee QOMPARY. WATREWORKS 


vere 


of Hi 


aoe 


a BORRHOLBS. 
=the South Staffordshire Waterworks Company 


[renders for Two Boreholes, 


to be Alga ve renmay at — 
Lichteld, Stattoumbie Sone 1g Megeog 

Priors and Form of Tengen maybe be obtained, and 

strata may be 

aged cpm may, TOF 


PRE RE, am tng 


June 2nd, 1919, Wit 


' BOMBAY, BARODA AND CENTRAL INDIA 
RAILWAY COMPANY. 


The Directors are to receive up to Noon 
ore peseere ts goons ¥, 


nders for the Sa of 
Te screes FOR ©,1. POT Supply. 
be made on forms, ye of which, 
with one specification, can be obtained at these offices 
on jared 20s. each (which will not be 
tors do not bind to accept 
lo themselves 
the ouent or eny tender. 
- §. G. 5. YOUNG, 
Secretary. 


* Omices: 110, Bishopsgate 
London, R.0. 


llth June, 1919. 





W 500 





THE SOUTH INDIAN bec wage oe erse?, 
Lruir 


nders “for tl the Supply. 


1. HouENG STOCK (Metre Gauge). 
325 Steel Covered Goods Nediens. 


41 Steel Uodertecne Bogie Wagons. 
= —— U mes for Brake Vans. 
2. ROLLING STOCK (Breed Gauge) 
83 Steel Covered 
9 Steel 
4 Steel 
RDW. 





on Wea. 
nderframes for Horseboxes. 


and 
of the ‘South Indian an Hallway Company, Limited, 
marked ‘‘ Rolling Steek,” or as the case may be, 
h the ny ee not later than 


Tuesday, “he 8th July, 1919. 
a the = July, 1919. 
returned, 





0th June, 1919. 
Finsbury Pavement 


Mt as 


ee. oF Wms WEST SUSSEX. 


NORFOLK ‘BRIDGE {BH OVER ea ADUR, 
HORBHAM-BY-SE. 


TO BRIDGEWORE ORK CONTRACTORS. 
The West Sussex County Council is to 


consider ‘ 
ffYenders for the Entire 
RE-CONSTRUCTION of the SUPER- 
a a tel ages ek ie fea 
Geo. akg LI., together with the Partial Re- 
construction of both Abutments, the provision of 
possible strengthening:ofitwo 


will consist of four 


of the 
Tenders must reach 
than Four a on eaten 3 
Pope won Bridge Tender 
uate County 


“NDated the rity day of Sune, 1918 


Council does not bind iteelt to scoeps 





oe, See eee education 





| U UNE 13, 1910. 


a. R 


DIRBOTION OF THE DISPOSAL 
MINISTRY OP MUNITIONS. = 


GENERATING SETS at and OIL 4 } 
PLANT at BARRY DOCKS” 
(LW. & D. _ Taauere 1 


FOR SALE BY PUBLIC TENDER. 
Tenders are Invited {or — 
Fon Pan beatae eng asa whole orin part, oi the 


GENERATING SETS. ie 
Two 5 KEW. Rational Siemens oil-driven, direct. 


for 220 volts de, 
complcie with switchboard, cooling tani 


Three 10 KW. a 
Four Horizontal belt-driven duplex r ne 
ita prwe ae gallons per hour again st 


required to drive above—g,) — 
.. ety 0 ane dl gallons per hour 
Power required to drive bove— : 
One dite Oape y 6500 age 
against dl b. pressure. 
(Horse-power req to drive above—29), 


uired 
Above Pumps are Pe all fitted with brass lined cast. 
on ‘es kan fast and loose belt aia and striking 


Six fee 
against 1 


D ) UNUSED. 
Form and lodged 
not later than 1 10a,m. on Ist July, 1919. 
‘an for oe ee Pormsand Permits to view 
to be made to CONTROLLER, es 1 2 Gi, Chart 
Cross Embankment Buildings, W w se 
oo «sbi 


APPOINTMENTS OPEN. 


—--- 

Large Firm of Engincers 

in the Midlands, have an OPE 
YOUTH of education as premium pupil, the 
course to include both _works and drawing office.— 
hn Sear of ENGINEERING. 

UCATION COMMITTER. 

BRIERLEY came a a EDUCATION 


plications: are Invited for 

© POST of HEAD MASTER of the 
School, Brierley ¥ Hill, South Staffordshire. 
in teaching vor with uaintance with the 

and Steel Trades, or the Chemistry of 
BE agg 4 oa 


pon dew ph ye and forms ef application may 

be obtained from the undersigned. Applications 
must be received not later than 30th June, 1919. 
GRAHAM BALFOODR, 

of Education. 

County mar oe Offices, Stafford. 

June, 1919. W 30 

BRSI “5 GHAM. - 
DEPARTMENT OF ENGINEERING. 


LECTURER IN MECHANIOAL ENGINEERING. 
A apleations are Invited for 


e POST of LECTURER in Mechanical 
, at a commencing 








salary of per 


* Particulars and forms of application, which should 
be returned not later than June 18th, may be 


obtained from 
J. BE. SHIMELD 


NIVERSITY OF LONDO — 
COLLEGE, NEW OBOSS, 8.E. 1 


ENGINEERING AN AND BUILDING 
DEPARTMENT. 


W 186 
itrar 


ed at 
Ae are Invited for 


POST of LECTURER in ow 
2150 to 


Sigh Set 
and s al ve some 
= \ ooteni Taey should also possess 
a a Sepeser Se Seen. 

tions to be sent on or before June 24th 
my ACTING. WARDEN, from whom further 
particu 
UNIVERSITY 


lars may be obtained: ws 
ALES 

AND MONMOUTHSHIRE, 
(CoLEe earticpon =" Deuevupin Cymru 4 


The Council of the College invites 


AP lications for the followin 


Ts. A with bee 
(which need not be printed), must be receive’ by 
the undersigned on or before the date stated in 
brackets after the title of each 
(1) Assistant Lecturer Demonstrator 
ee * (June ae 1919.) 
Motalia 


an 
. @Wane a? a teal 
Farther particu regarding the we 1 
may be obtained from the a Ay wa BROWN, 
Registra: 


in 


in 


atoi 





University Coll 
U 986 


May lth, 1919. 
me by | SOUTH STAFFORDSEVER— WATHRW: KS 


COMPANY. 
BXPERT ttc COMBUSTION. 


A Pee ; will be Enier- 
Sesion ts ol a 


Sich will 
ment on coal economy. 


Applicants should state Ps qualifications and 


3 i 





of the West Sussex County Council. 
51, Bast 





gallons per hour’ © 


ING fora « 














JUNE 13, 1919.] 


ENGINEERING, 


757 








THE EVOLUTION OF THE BRITISH 
NAVAL AIRSHIP. 


f 

AurHover the veil of secrecy which has “so 
effectively concealed the development of airship 
construction in this country during the war has 
to some extent been lifted by papers read by 
Lieutenant-Colonel Cave Brown-Cave before the 
Royal Aeronautical Society, and by Mr. C. I. R. 
Campbell before the Institution of Naval Architects, 
much of interest can still be written on the subject 
of lighter-than-air craft. We are unaware of the 
exact number of British firms engaged in the con- 
struction of aircraft of the heavier-than-air type, 
but it is obviously very considerable. With air- 
ships, however, the requirements are such that 
manufacture is only practicable in the case of firms 
having very extensive resources, and the actual 
number occupied on this class of work can be 
counted on the fingers of one hand. Of these firms, 
the Vickers’ concern occupies the premier position, 
so that considerable importance attaches to an 





|struction of the hull framework of the German 
| airships was not known, and many different systems 
were investigated before the final design was decided 
upon. However, by the end of 1913.a design was 
submitted to the Admiralty, and this having been 
approved, with minor modifications, the work of 
construction was commenced early in 1914. Work- 
shops were equipped at Cavendish Dock for the 
structural work, and part of the existing airship shed 
was used for the fabric work. Considerable difficul- 
ties were encountered in the manufacture of the 
slender “Duralumin” sections required for the 
hull girders, it being found almost impossible to 
produce straight angles and channels of this alloy. 
The difficulties were, however, eventually sur- 
mounted, and the work proceeded until March, 
1915, when it was stopped by Admiralty orders, 
it being thought, at that time, that the war would 
| be terminated in a few months. The Walney shed 
|was then taken over and used as a Royal Naval 
| Air Service flying station. 

After the very effective work of the Zeppelin 





account of their airship work. Their war work | airships with the German Fleet at Jutland and 








Fie. 25. H.M. Arrsure “R,9;” Fixing Outer Cover. 


has covered the whole range of construction in | elsewhere the Admiralty decided that the Vickers’ 
lighter-than-air craft, from the largest rigid airships | airship, known as R.9, should be completed, 
to kite and spherical balloons, and includes 3 rigid | and other rigid airships of an improved type were 
and 3 non-rigid airships for naval service, 1 very | putinhand. As might be expected, the resumption 
large rigid airship (now nearly completed), a large | of work on R. 9 was considerably impeded by the 
number of components for 4 rigid airships built at | foes that a large quantity of steel wires, and otber 
other stations, 26 kite balloons, 250 gas bags for materials previously completed, had deteriorated 
rigid airships, 7 outer covers for rigid airships, |in storage and had to be replaced. However, the 
1 Parseval type envelope and rigging, 6 “‘ North | whole of the designs were by this time completed, 
Sea” type envelopes, 6 “AP.” envelopes, and | and the difficult problems of manufacture having 
6 spherical balloons. We begin this week a series| been solved, the work proceeded as rapidly as 
of illustrations of the most important productions. | possible and the ship eventually left Barrow in 


The present airship department at Barrow-in- 
Furness was formed in April, 1913, at which time 
the firm was requested by the Admiralty to put 
forward proposals for an experimental rigid airship 
of similar size and type to the Zeppelin airships 
then in service in Germany, and also for three non- 
rigid airships of the Parseval type. At that time 
no data for the design of rigid airships were available, 
the only information obtainable being derived from 
external photographs of Zeppelin airships used for 
passenger carrying, and from a casual inspection of 
these ships in their sheds which representatives of 
the firm were permitted to make. It was therefore 
necessary to make tentative designs of practically 
all parts of the ship in order to obtain data for the 
final design. Even the general principles of con- 


| April, 1917, after carrying out very successful trials 
|over Morecambe Bay. Since then the airship has 
been stationed on the East Coast and has proved of 
great value for training officers and men as well as 
for coast patrol work. Latterly the ship has been 
used for experimental work in connection with 
systems of mooring out airships both on land and 
|at sea. 

As will be seen from the drawings reproduced 
in Figs. 1 to 4, on Plate LVI, the length of the hull 
of the R. 9 is 520 ft., the diameter 53 ft., and the 
height 76 ft. The gas capacity is 800,000 cub. ft., 
giving a gross lift ot 24 tons and a disposable lift, 
which is available for fuel, oil, stores, crew, &c., 
of 5-2 tons. Three Wolseley-Maybach engines, 
| totalling 600 h.p., give the airship a speed of 45 m.p.h. 





at full power, 38 m.p.h. at normal power (two-thirds 
full power) and 32 m.p.h. at cruising power (one- 
third full power). The crew carried is 14 men, and 
the endurance at full power is 18 hours (800 miles). 
At normal power the endurance is 26 hours and the 
distance covered 1,000 miles, while at cruising power 
a distance of 1,600 miles can be covered in 50 hours. 
The Admiralty specified, in ordering the machine, 
that it should be especially strong, so as to serve 
primarily as a ship for training the crews for 
subsequent airships, and the ship was accordingly 
des'gned to withstand the shocks of bad landings 
without vital damage. This could not, of course, 
be done without some sacrifice of lifting capacity, 
speed, and performance. It was decided that the 
most suitable arrangement was to build the hull 
structure with an exceptionally strong keel girder 
of triangular section, running along the under side 
of the hull to form a backbone, which would take 
the shocks of landing and distribute them over the 
length of the structure. This keel, which can be 
seen in Figs. 1 to 4, as well as in the half-tone illus- 
trations on Plates LVII and LIX, was built up of 
steel and Duralumin tubes, with ball-end joints to 
facilitate alignment and adjustment. The keel also 
serves to distribute the weight of the cars, which are 
suspended from it, and also forms a convenient space 
for storing all the petrol tanks and ballast bags. 
With regard to the shape of the hull it was con- 
sidered preferable to make the greater part of it 
parallel to secure simplicity in design and manu- 
facture rather than to attempt to make the best 
possible stream-line shape. As will be seen the nose 
and stern portions were shaped to reduce the head 
resistance. The forward car, which is best shown 
in Fig. 17, on Plate LVLI, is divided into two com- 
partments, the front portion containing all the 
navigating and other controls and the rear portion 
containing two 180 h.p. engines. These drive two 
four-bladed overhead swivelling propellers through 
clutches, bevel gears and vertical shafts. The 
propellers can be turned completely round by hand 
gear when the engines are running at full power, 
so that the thrust can be made to act ahead or 
astern, up or down, or in any intermediate direction, 
thus greatly facilitating the control of the ship. 
The aft car, illustrated in Fig. 18, on Plate LVII,is 
divided similarly to the forward car into two com- 
partments, duplicate controls being fitted in the 
front portion, so that this can be used as an auxiliary, 
or emergency, control station. The rear part of this 
car is provided with one 240-h.p. engine which is 
coupled to a two-bladed air screw, as shown in the 
illustration. We may explain, however, that in the 
ship as originally designed and built the rear car 
was fitted with swivelling propellers driven by two 
180-h.p. engines exactly similar to those in the front 
car. A careful inspection of Figs. 15 and 16, on 
Plate LVII, will reveal this fact. Subsequently to 
the acceptance trials, however, it was decided by the 
Admiralty to fit a German Maybach engine of 
240 h.p, together with the transmission gear and 
propeller taken from the German airship L. 33, 
which was wrecked at Colchester, in order to test 
this machinery in the air and so obtain information 
as to the running of German engines. This engine 
and gear was therefore substituted for the two 
180-h.p. Wolseley-Maybach engines and swivelling 
propellers originally fitted to the rear car, and this is 
the arrangement illustrated in Fig. 18,0n Plate LVII, 
Both cars are of fairly good stream-line form in 
plan, and both are provided with double watertight 
bottoms to enable them to float on the sea, Inflated 
rubber bags, one of which can be seen in Fig, 18, 
are fitted to both cars to act as shock absorbers 
when landing on the ground. A cabin is provided 
at the middle of the keel girder to accommodate the 
wireless apparatus—also to form the sleeping and 
messing quarters for the crew. It is a noteworthy 
fact that the system of lining the interiors of the gas 
bags, which are of rubber-proofed cotton fabric, 
with an inner layer of goldbeaters’ skin, was tried 
on this ship for the first time. The arrangement 
was very successful, the permeability to the 
hydrogen gas being greatly reduced, The outer 
cover is composed of doped fabric laced in place, 
and the upper portion was coated with aluminium 
powder paint to reflect the rays of the sun and so 





reduce the heating of the gas, A petrol engine- 
driven dynamo is provided to supply current for 
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lighting, and telephones are fitted for communication 
purposes between all important stations on the 
ship. 

Figs. 23 and 24, on Plate LIX, and also Fig. 25, 
on page 757, show this airship in course of erection 
in its shed, and these give a good general idea 
of the construction of the hull. Fig. 23 shows the 
vessel nearly completed, with all the gas bags in 
position and in process of being inflated with 
hydrogen. It also illustrates the construction of 
the keel girder and the method of attaching it to 
the main frames. Fig. 24, which shows an earlier 
stage of the work, is a view looking along the centre 
line of the finished hull framework. As will be 
seen, the inner faces of the longitudinal girders are 
covered with strips of fabric, the object of which is 
to prevent the gas bags from chafing on the girders, 
Fig. 25, on page 757, shows what is practically the 
last stage in the work of construction, viz., the 
placing 11 position of the outer cover after the 
inflation of the gas bags has been completed. 

When airship construction was resumed towards 
the end of 1915, the Admiralty decided to build 
rigid airships of an improved R.9 type, and in 
order to develop the resources of the country Messrs. 





Beardmore and Messrs, Sir W. G. Armstrong, 
Whitworth and Co., were asked to take up 
this work, in addition to Messrs. Vickers. The 
designs and working drawings for the new ships | 
were prepared by the latter firm and supplied | 
to the other builders. Messrs. Vickers also under- 
took to supply all the bracing pieces, stampings, | 
and forgings required for the hulls of the first ships 
built by Messrs. Beardmore and Messrs. Armstrong, 
and, in the case of the latter firm, the valves, control, 
tank fittings, and other mechanical gear, as well | 
as the gas bags, outer covers, and other fabric 
work, were all supplied by the Vickers firm. Since | 
being commissioned, these airships, which were | 
known as the R. 23 class, have taken a prominent | 
part in patrol work over the North Sea and have 
also been used for convoying shipping. The two 
airships of this class built at Barrow, R. 23 and R. 26, 
were delivered in October, 1917, and March, 1918, 
respectively. The R. 26 took part in the surrender 
of the German submarines at Harwich, and also 
made a record flight of 41 hours’ duration. 

The Chief Admiralty requirement in ordering the 
airships of the R. 23 class was that they should be 
built with all possible speed, and it was therefore 
decided that as much as possible of the design of 
the R. 9 class should be adopted in order to save 
time. The new ships were also required to be 
exceptionally strong for use by inexperienced crews, 
but it was desirable that, as far as the limitation 
of time would allow, the design should be improved 
to obtain greater lifting capacity and higher speed, 
To attain this end the gas capacity was increased 
to 900,000 cub. ft. by slightly lengthening the ship 
and making the stern end fuller. The design of the 
keel was greatly improved in detail, so that the same 
strength was obtained with a considerable saving in 
weight, and the power plant was increased to 
1,000 h.p. instead of 600 h.p. as installed in the R. 9. 
The overall length of the hull of the new ships, 
which are illustrated by the drawings reproduced in 
Figs. 5 to 9, on Plate LVI, and by the half-tone 
engravings, Figs. 19 to 22, on Plate LVITI, is 535 ft., 
the width 53 ft., and the height 75 ft. The total 
gross lift is 27 tons and the disposable lift 6+3 tons, 
The speeds at full, normal and cruising powers are 
55 m.p.h, 48 m.p.h., and 38 m.p.h. respectively, 
and the respective endurances at these powers are 
18 hours, 26 hours and 50 hours. The distance 
covered at full power would be 1,000 miles, at normal 
power 1,250 miles, and at cruising power 1,900 miles. 
As will be seen from the illustrations, three cars 
are carried. Of these the forward control and 
machinery car, well shown in ourillustration Fig. 21, 
on Plate LVITI, is similar to those used on R. 9, but 
of improved general construction. In the machinery 
compartment it carries a single Rolls-Royce engine 
of 250 h.p., which drives two four-bladed swivelling 
propellers mounted on the sides of the car, instead 
of overhead as was the case with R.9. The amid- 
ships car, illustrated in Fig. 22, on Plate LVIII, 
carries two 250-h.p. Rolls-Royce engines placed 


| 


athwartship, each driving a fixed propeller, one of | pre 


which is carried on outrigger brackets on each side 





of the car. The after car is of the same general 
construction as the forward car, and contains the 
auxiliary controls in the control compartment, and 
a 250-h.p. Rolls-Royce engine in the machinery 
compartment. This engine drives a two-bladed 
propeller mounted at the after end of the car. 
Otherwise the arrangement of these airships is 
generally similar to the R. 9, although the details 
were considerably improved as regards weight and 
efficiency. 

Next in order of construction came the “ R. 33” 
class of airships, for which orders were placed with 
Vickers, Armstrong, and Beardmore in November, 
1916. These airships were of rather more than 
double the capacity of the “R. 23” class, having 
a capacity of about 2,000,000 cub. ft., and since 
Messrs. Vickers’ shed at Walney (see Fig. 26, 
annexed) was not large enough for the work of 
erection, they could only proceed with the manu- 
facture of the girders, materials, &c., while awaiting 
the completion of a new shed at Flookburgh, then 
being designed. At the end of 1915, when it was 
decided to proceed with airship construction, it had 
been arranged, that as the Vickers firm already had 
the shed at Walney, new sheds should first be built 
for the forms of Armstrong, Beardmore, and 
Short Brothers. It was not until October, 1916, 
when these new sheds had been completed, that the 





all the best features obtained from the German 
“35” class of airship, which by that time had 
become available, as well as the improvements 
suggested by experience with the “R.9” and 
“'R. 23” classes in service. The firm was allowed 
a perfectly free hand in the design of this airship, 
and, as no unnecessary conditions as to strength 
were imposed, they were able to produce a design 
which, it is claimed, is considerably more efficient 
than any other airship of its size. An airship of this 
type, which will be known as R. 80, was ordered 
in November, 1917, and will shortly be ready for 
its trials; it will be used for naval patrol work. 
Obviously a second ship of the same type could be 
completed in a much shorter time. It will be 
convenient, however, to reserve our account of this 
airship for a subsequent issue. 

Other airships built at Barrow include two of the 
Parseval non rigid type, for which Messrs. Vickers 
hold the manufacturing rights in the British Empire. 
These airships were numbered 6 and 7, and are 
illustrated in Figs. 10 and 11, on Plate LVI. One 
of this type, No. 5, was building in Germany before 
the war, and this, of course, fell into the hands of the 
Germans on the outbreak of hostilities. Numerous 
alterations in design were made in the two airships 
building at Barrow, as a result of experience with 
other ships under active service conditions, and this 





Fie. 26. Vickers Arrsuip SHED AT WALNEY ISLAND. 


Admiralty decided that a new large shed should be 
built for Messrs. Vickers at Flookburgh, near Barrow. 
Work on the site and foundation were then 
put in hand, but in September, 1917, the Admiralty 
stopped all work on the shed owing to the acute 
shortage of steel. This fact has temporarily placed 
the Vickers Company at a disadvantage for future 
work, as the trend of airship development is towards 
greatly increased size. The firm is, however, now 
making arrangements for the construction of a 
large shed which will be built as soon as the develop- 
ment of commercial airships renders it necessary. 

When the work on the Flookburgh shed was 
suspended arrangements were made for the erection 
of the R.37, which was the designation of the 
airship ordered from Messrs. Vickers, to be taken 
over by Messrs. Short Brothers, of Bedford, and 
for the components to be made by Messrs. Vickers. 
In order to assist the work as far as possible all the 
material prepared by the latter firm was handed 
over to Short Brothers, Messrs. Vickers undertaking 
to drill all the channels for the hull structure, and 
to supply all the finished bracing pieces required, 
together with the gas valves and other finished 
components. This arrangement greatly expedited 
the work of construction. 

On the completion of the R. 26, the Vickers firm 
had no other airship work to proceed with, and, as 
the work on the Flookburgh shed and aerodrome 
had been stopped, they could not undertake the 
construction of any airship larger than could be 
accommodated in the Walney shed. They therefore 
pared designs for an airship of the largest size 


that could be built there, and embodied in the design 


caused considerable delay in completion. The first 
of these was taken over by the Admiralty in June, 
1917, and the other in September of the same year. 
Both airships have since done useful work on patrol 
service. 

The envelopes of these ships have a length of 
301 ft., a diameter of 51 ft., and a capacity of 
364,000 cub. ft. The gross lift, allowing 68 lb. per 
1,000 cub. ft., is 11 tons, and the disposable lift 
3-1 tons. Two 180-h.p. Wolseley-Maybach engines 
are fitted, and these give the airships a maximum 
speed of 42-5 m.p.h. The normal speed at two- 
thirds power is 36 m.p.h., and the cruising speed 
at one-third power 28 m.p.h. The endurances at 
full, normal and cruising power are 24 hours, 36 hours 
and 70 hours, respectively, and the distances covered 
would be 1,000 miles, 1,300 miles and 1,950 miles. 
Swivelling propellers were fitted to facilitate the 
handling and landing of these ships by inexperienced 
pilots, and the cars were made especially strong to 
withstand rough landings on the ground ; they were 
also fitted with watertight double bottoms to enable 
them to descend on to the sea. The method of 
distributing the weight of the car on to the envelope 
is that patented by the Parseval Company, whereby 
the car is hung from a relatively small suspension 
gurt on the under side of the envelope, from which 
gurt the weight is distributed over the whole 
surface of the envelope by asystem of “ trajectory” 
bands. This arrangement considerably strengthens 
the fabric and also reduces the bending moment 
on the envelope. Consequently a lower inflation 





pressure serves to keep the envelope in its 
correct shape. The nose is reinforced by a series 
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of steel tubes to prevent it from being deformed 
by the air pressure when travelling at full speed. 
The “ ballonets” have a capacity of 30 per cent. 
of the gross volume of the envelope, and an air 
in them of 25 mm. of water serves to 
maintain the shape of the envelope. With 
“ ballonets” of this size, the airships are capable 
of rising to a height of 10,000 ft. The envelope is 
vided with the usual gas valves, ripping panels, 
and other fittings, and is also fitted with a gun 
platform on top, which is reached by an access tube 
running through the envelope. The car is divided 
into two compartments, one containing all the 
navigating controls, and a small wireless cabin, 
and the other containing the two engines, which are 
placed side by side. The engines drive overhead | 
swivelling propellers through bevel gearing par} 
| 





vertical shafts, the two propellers being arranged 
to swivel together by hand gear operated from the | 
control compartment. A blower fitted in the | 
machinery compartment is provided for inflating | 
the “ ballonets,” and this can be driven either by | 
the main engines or by a small auxiliary engine 
which also drives the lighting dynamo. Petrol and 
oil are carried in aluminium tanks placed inside 
the car substructure, where the ballast is also carried 
in fabric bags. These airships were used for patrol 
work on the East Coast and carried out a great 
number of night cruises. 

Four small non-rigid 8.8. (Sea Scout) type airships 
were also constructed and delivered to the Admiralty 
early in 1916. These are illustrated by drawings 
reproduced in Figs. 27 and 28, on the present page, 
and also by a photograph, Fig. 29, annexed. The 
length of the envelope of these ships is 144 ft., the 
diameter 28 ft., and the capacity 65,000 cub. ft. 
This gives a total lift of 4,750 lb. and a disposable 
lift of 1,800 lb. The car, which is suspended by 
flexible wire ropes attached to the envelope by 
suitably distributed suspension patches, consists 
of a standard B.E. type aeroplane fuselage, and 
it is fitted with a single 80-h.p. engine driving a 
tractorscrew. The speed, at full power, is 45m.p.h., 
and a cruising speed of 38 m.p.h. is obtained with 
the engine working at two-thirds full power. The 
endurance at full power is 18 hours (800 miles) 
and at cruising power 26 hours (1,000 miles). In 
these airships the “ballonets” are kept inflated 
by air from the slip stream of the propeller, the air 
being collected by a scoop and pipe suspended 
from the envelope, clearly shown in Fig. 29. We 
understand that these small airships were employed 
for anti-submarine patrol work in the Mediterranean, 

Early in 1916, when the demand for gas bags, &c., 
for lighter-than-air craft of all kinds had become 
greater than could conveniently be dealt with at 
Barrow, Messrs. Vickers organised a factory for this 
class of work at Douglas, Isle of Man. Since that 
time, this factory has produced the bulk of the 
Government’s requirements for rigid airships, 
including 250 gas bags, 7 complete outer covers, 
and numerous spares. A number of Parseval, 
North Sea, and A.P. envelopes, as well as spherical 
balloons, target balloons, flotation bags for aero- 
planes, suspension fittings, and other work of a 
similar nature were produced at this factory. 
The firm also installed plant at Glasgow, in con- 
junction with the Ioco Proofing Company, for the 
proofing of airship fabrics, and, after the initial 
difficulties had been overcome, this factory became 
one of the chief sources of this material. Its 
production, at the time of the armistice, amounted 
to 50,000 yards of finished fabric per week. 

The question of mooring airships in the open has 
occupied the minds of pilots and designers for several 
years, in fact, it may be said to have been under 
consideration ever since it was realised that lighter- 
than-air craft had a practical future before them. 
Messrs. Vickers may claim to be the pioneers in the 
method of mast mooring as, acting in conjunction 
with the Admiralty, as far back as 1911, H.M. 
Airship No. 1 was moored out on the water for three 
days, secured to a floating mast in Cavendish Dock. 
Owing to an accident which wrecked this airship, 
no further trials of the method were made until 
recent times, when the problem of housing the large 
number of non-rigid airships of the “‘ Sea Scout” 
type became acute. This led to the carrying out 








of several independent experiments by officers of 


the Royal Air Force, the most important of which 
were those conducted at what was then the head 
trial station at Barrow. Various schemes were 
tried with but little success during 1917, but it was 
not until the end of that year that Messrs. Vickers 
were invited to co-operate in the endeavour to find 
a satisfactory solution to the problem. This 
resulted in the placing of orders with the firm for the 
design and construction of two mooring stations, one 
comprising the firm’s own suggestion, and another 
embodying the ideas of Brigadier-General Master- 
man, R.A.F. The first-mentioned was completed 
in March, 1918, and although not entirely successful, 
it enabled much useful information to be gained 





the top of the mast can be adjusted, airships of any 
size can be moored to one mast. 

Early last year the firm were requested to put 
forward proposals for mooring out the largest type of 
rigid airships, and, as a result of this, a scheme was 
produced which, not only provided for the mooring 
of the ships, but enabled them to be landed at the 
mast, or released for flight, entirely by mechanical 
means, thus obviating the necessity for a handling 
party of 300 or 400 men previously required for 
these operations. This scheme, which was worked 
out in conjunction with Admiralty officers, was 
submitted to the Admiralty and pepe: | 
approved. An order was accordingly placed wi 











Fig. 21. 
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which was used in connection with the second scheme, 
The latter, which was completed and tried in May 
of the same year, was extremely satisfactory. The 
experiments were then transferred to another 
station, where a number of airships have been 
moored out almost continuously from June of last 
year to the present time. These ships have 
encountered, without accident of any kind, all 
varieties of summer and winter weather, including 
wind velocities up to 55 m.p.h. and severe snow- 
storms, 

The arrangement used is shown in Figs. 12 and 13, 
on Plate LVI, and, as will be seen, it comprises a 
steel lattice mast, suitably stayed, and capable of 
rotating on a pivot on the ground. The top of 
the mast is formed with a semicircular structure, 
which fits round the nose of the airship and is 
attached to the latter by means of trunnions. The 
airship is thus free to move in both the vertical 
and horizontal planes. This arrangement is intended 
for the accommodation of one size of airship only, 
but by the simple modification, shown in Fig. 14, 
in which the lateral spacing of the vertical arms at 





the firm, and an airship selected on which the 
necessary alterations to carry the mooring appliances 
have been made. ™ 

(T'o be continued.) 





Benzene-Fep Miner’s Sarety Lamr.—Owing to the 
dearth of petroleum lampmaster Brings, of the Con- 
solidation Colliery, near Gelsenkirchen, VW estphalia, 
has designed a safety lamp which burns pure benzene. 
The difficulty is to introduce sufficient air into the 
benzene flame to plet bustion with- 
out sacrificing safety. A clear flame is obtained by 
plac.ng above the wick a short length of conical wire 
chimney, obtained by twisting a wire so as to form an 
open coil tapering upward. The distance between the 
convolutions is greater than the wire thickness; the 
air has plenty of access, and it is stated that the in- 
rushing air is deflected inward and downward so 
that a complete combustion of the benzene is realised. 
The lower portion of the flame, inside the “ ring,” 
is dark and t: t; the visible flame, white with 
incandescent carbon particles, ap above the ring. 
A flame, 12 mm. ({ in.) in height, is said to give 
2 Hefner candles and to consume 6 grammes or 
7 grammes of benzene per In the presence of 
compe the Myr yeegaare of this ~, iT) oe to be 
ess continuous t wit et; ; but 
the “cap” is quite distinct. ee of ae 
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NOTE ON TOLERANCES. 
By H. 8. RowEt1. 


Ratract from Authoritative Report: “ Tolerance— 
A difference in dimensions prescribed in order to 
ae unavoidable imperfections of workman- 
8 ” 

orks Conversation :—A : “‘ Suppose you had an 
order for 100 rods, 12 inches long by 1 inch diameter, 
with a tolerance + 0-000 — 0-004 in., how many 
rejections would you expect?” B: “I should not 
expect any.” A: “Then suppose the tolerance 
were reduced to 0-002 in., how many rejections 
would you expect? B: I don’t think you need 
have any rejections even then. I have men who 
ean work to 0°001 in. total tolerance without risk 
of failure.” A: “That would mean filing or 
grinding or polishing, of course.” B: “ Yes, a 
touch of emery.” A: “ Now suppose that filing 
and polishing are barred and that the work is not 
given to picked men but to ordinary skilled turners 
using general lathes without any traverse stops, 
what then?” B: ‘Even so I don’t think you 
need have any rejections if the basis time allowed 
for the job is not too tight.” 

The above conversation seems to indicate that 
imperfections of workmanship are, to a considerable 
extent, avoidable if sufficient time is given for the 
job. Accidents, tools breaking or digging in and 
such like, are excluded, of course. During the war, 
limit gauges were made by a great variety of workers, 
and it was found that quite ordinary men with 
patience but with no special training previously, 
soon acquired the very gentle art of lapping, so 
that the accuracy of their workmanship became 
practically coincident with the accuracy of measure- 
ment at their disposal. The same thing holds in 
other trades, and it is not surprising when we 
remember that gauges and instruments 
are also made by human case of the 
Simian Proverb. In the early days of the modern 
interferometer the working of optical glass came un- 
der sharp review. The inventor, a well-known phy- 
sicist (since then Nobel Prizeman), asked for plates 
of glass as truly plane and parallel as possible, 
and the glass-worker, a famous artist in his line, 
when delivering the pieces of glass made his boast 
that none better could be obtained anywhere ; he 
even challenged his’ customer to detect a fault in 
them. The glass plates were returned, and to the 
astonishment of the glass-maker they were contoured 
in fractions of a wave | of light. The glass 
workers were then able to devise methods of grinding 
and polishing surfaces to a degree of accuracy equal 
to the methods of measurement available. There 
can be no doubt that accurate measurement governs 
accurate workmanship; the introduction of the 
micrometer calliper into workshops is a familiar 
example in point. It may be safe to say that 
in accurate work gauges are the most important 
tools, 

The economic, often called the practical, side of 
the question, is very different. Accuracy is not 
wanted for its own sake but for what it will do. 
And since accuracy costs money, keen manufacturers 
as a rule will have no more than their barest needs. 
In the various branches of engineering very diverse 
considerations govern the degree of accuracy 
required. In machinery, subject to reciprocating 
forces, undue play leads to “knock.” Where 
working surfaces are exposed to dust and grit, 
ik Seung eat ee ee 
thus accelerating wear, but they have less availab 
metal to wear down before they become unduly 
slack. The conditions of lubrication are important 
in connection with tolerances, since oil under pres- 
sure will take up part of the blow in a comparatively 
slack bearing, and as regarcs wear, well lubricated 
bearings have been known to run for years and still 
show the machining marks which they had when 
newly installed. The problem of tolerances is thus 
for the designer to solve. Given time and the 
requisite appliances the workman can produce 
almost any degree of accuracy, and the designer 
must therefore say what he requires; preferably 
the least he requires. We are thus inclined to 
suggest a modified form for the definition given at 
the head of this note, viz.: “‘ Tolerance: A differ- 
ence in dimensions prescribed in order to indicate 


permissible imperfections of workmanship.” It is 
scarcely necessary to mention the necessity for inter- 
changeability since this is the primary object for 
which tolerance systems and limit gauges are 
devised. 

In fixing tolerances there are two distinct lines 
of attack possible. We may investigate the various 
manufacturing involved, and for each 
process and grade of workman decide what is the 
probable error to be expected. If the tolerance is 
made four times the probable error in either direc- 
tion, then we can be practically certain of no rejec- 
tions if the laws of “ probabilities ” are applicable. 
This method of fixing tolerances was unconsciously 
and unsystematically used by many designers some 
years ago. A high standard of accuracy was 
sought—often much higher than was necessary— 
the shops were consulted and the tolerance laid down 
in answer to the question.” What can the work- 
man do?” The other method hinges on the 
assumption that with adequate appliances and time 
the workman can do whatever is required—if he 
cannot meet the requirements economically 4 
modified design is necessary. The tolerance is 
therefore based on the nature of the machine to 
be. made; whether high speeds and reciprocating 
forces may be involved, or as is sometimes the case 
in linkages, whether geometrical accuracy is neces- 
sary. All through this second method comes the 
fundamental consideration of cost, and since small 
tolerances are costly, the aim of the designer is to 

















give the largest possible tolerances compatible 
with efficient working. It is possible, of course, in 
many cases to combine the two points of view. A 
scientific determination of the various grades of 
accuracy which are attainable by various workshop 
processes, will probably never be made, and this, 
for several reasons, the chief being that it is not 
very necessary. Most workshops have a fairly 
exact knowledge of what accuracy they can work 
to under the cost conditions which they have to 
meet, and the information passes in course of time 
to the designer by a process of trial and complaint. 
On the other hand, although a turning pair say 
will work satisfactorily with large tolerances the 
designer will probably prefer to allow less if he knows 
that the shops can work economically to finer 
limits. Whichever way the problem is viewed it 
is necessary to take the evidence from large numbers 
of cases, and this is what actually happens in course 
of time; the knowledge so gained being called ex- 


In considering the workman’s side of the question 
there is another subdivision possible, namely, into 
general work and repetition work. In repetition 
work special tools are employed or ordinary tools 
specially set. The tool maker and tool setter allow 
for wear when the new tool is made or set and the 
amount allowed is usually very nearly the tolerance 
prescribed. There is very little information avail- 
able regarding the rate of wear of metal cutting 
tools ; the knowledge even of experts on this point 
seems to fall very far short of that of the man in 
the street regarding his safety razor blades. It 
seems likely that wear is most rapid at the beginning 
and end of a tool’s life; at the beginning because 





the new sharp edge soon loses its perfect form and 


at the end because the cutting action becomes 
faulty. If we assume that the rate of wear is 
constant, and this seems to be the truest simple 
assumption, then the probability of any error 
within the range laid down is constant, and the 
probability curve for a combined error E of 
fit between hole and shaft is shown in Fig. 1, 
where T, and T, are the tolerances on shaft and 
hole respectively. When the tolerances on the two 
parts are equal we have the probability curve in 
Fig. 2. The ordinate scales in the diagrams are 
not the same, being in the ratio of T,; + T, In 
both cases we see that the probable error of fit is 
equal to the arithmetic mean of the tolerances. 
If, following the nomenclature used in connection 
with Gauss’s error curve we define accuracy as 
the reciprocal of the probable error, then it is 
easily shown that for equal tolerances the accuracy 
of fit is half that of hole or shaft, whereas for un- 
equal tolerances we have a result bearing some 
resemblance to the expression given by Professor 
Stoney and Mr. Lees in this journal on March 21, 
1919. In symbols if h, h, and hg are respectively 
the accuracy of fit, of shaft and of hole then :— 
a= te 
hy + he 
and when h; = he we have b= ht = 


The results given by Stoney and Lees (loc cit) 


are :— 
_ __Inhe 
~ Vines 


: hoe 
and when A; = hg this becomes h = Ja Js 
The expressions are, as is to be expected, sym- 
metrical. 

Turning now to the workman who finishes a 
hole without a reamer and whose tools are not set 
with reference to stops, we have fundamentally 
different conditions. The wear of the tool does not, 
as @ rule, play an important part ; the main factors 
are the skill and care of the workman. General 
work of this nature probably follows Gauss’s law 
of error to @ considerable degree, but the caution 
of the workman is a disturbing personal element 
which will vary with each individual and probably 
with his bodily state. The turner knows full well 
that he can cut metal away more easily than it 
can be restored, and thus he is careful to keep on 
the high side as regards shafts and on the low 
side as regards holes. He is like a golfer on a sea- 
side course with a putting green on the edge of a 
cliff. Assuming the course to run at right angles 
to the sea, the golfer would be careful to drive 
short—the turner’s roughing cut—then comes the 
finishing tool in the form of the putting iron. The 
good turner with fair tolerances ‘“‘ Holes in two.” 
If there were a course like this we should find that 
the green would be most used on its landward 
half; in workshop practice it has been observed 
for years that work is produced more towards the 
safe limit, and that as we approach the limit of 
rejection, only a very few articles occur. These 
points have been discussed by the mathematical 
theory of probability, and it is believed that in 
some cases erroneous conclusions have been de- 
duced. If we consider a hole, for example, of 
diameter 1°0 in. + 0-001 — 0-000, it has been 
found that the work is turned out somewhat in 
the following proportions :— 

Between 1-0000 in. and 1-0002 in. 
1-0002 in. and 1-0004 in. 
9 1-0004 in. and 1-0006 in. 
* 1-0006 in. and 1-0008 in. 
>. 1-0008 in. and 1-0009 in. 
a 1-0009 in. and 1-0010 in. 
Total ... cee - — 1,000 

It will be seen that the turner tends towards the 
safe end of his tolerance range, and at the other 
end, where there is a risk of rejection, few articles 
are produced; only one in fact within the last 
ten-thousandth. It has been argued, therefore, that 
the seaward side of the putting green is not used and 
can be done without, i.¢., that the tolerance might 
be reduced without serious risk of entailing rejection. 
Others have urged that since only one error occurs 
in the last tenth of the range, there would be no 
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direction, since presumably, a still smaller propor- 
tion would lie in the added zone. It would, how- 
ever, appear more likely that the workman’s 
caution is a function of the tolerance allowed. If 
the tolerance is increased caution is decreased, and 
vice versa; alteration of the tolerance not only 
alters the scale of the error curve but its character 
and position. Moreover, it is well to remember 
that the workman is rarely aiming at the middle of 
his tolerance range ; his target is nearer to the safe 
limit, and but for a merciful spirit towards his 
gauges it is likely that his work would be nearer 
still to that end of the range. If he falls short he 
can, like our seaside golfer, make another attempt 
at shorter range. In very accurate work he may 
make three attempts, each with finer tools than in 
the preceding ones, but in examining his work later 
we can never tell, as we can in honest golf, how 
many attempts have been made and thus our 
analysis is handicapped. These effects of caution 
are a source of dissatisfaction to many manufacturers 
who say that such caution costs money and that 
the workman will not fully utilise the tolerances 
allowed him. This, of course, is to forget the 
human element and grudge the workman his im- 
mortal soul. It may be that the turner realises 
in his own way that he has virtually twice the 
tolerance shown on the plan provided his final size 
lies within the plan limits. As a matter of psycho- 
logy then it is probably advantageous to dimension 
limits in one direction only, ¢.g., 1°0 in. a aan 
and not 1-0005 + 0°0005 for a hole and say 
0-999 | G.999 Bot 079985 + 00005 for a shaft. 
In this way the facts in the designer’s scheme are 
implied more strongly, namely, the minimum clear- 
ance to permit assembly or to avoid seizing and the 
maximum clearance to avoid knock, allow for wear 
and ensure accuracy. The mean clearance which 
is implied in the system of mean dimensions is an 
adventitious thing. 

In laying down any system of tolerances to guide 
designers—and some standard system is desirable in 
order to economise thought as well as gauges— 
many difficult problems are presented for solution. 
How can work be classified? Are grades to be 
based on the workshop processes, as, for instance, 
machine finish of different kinds, file finish, ground, 
scraped, lapped or buffed work? Or is it more 
rational to grade work on requirements in use, 
such as high speed or low speed, continuous or 
reciprocating, leaving geometrical as in 
linkages to the designer’s discretion ? There is a 
strong temptation to grade the workshop processes 
since classification is more simple and measurement 
more easy. But change both in quality 
and kind, so that standards laid down with reference 
to the practice of to-day may become obsolete in a 
few years. To classify machinery ranging from 
instruments of precision to traction engines, from 
sewing machines to pug mills would be a formidable 
and perhaps an unprofitable task. The way out 
seems to lie in making for each diameter a more or 
less arbitrary series of gauges, e.g., for 10-in. diameter 
work a series of gauges varying by steps of say 
0-004 in, and for half-inch work gauges varying 
by steps of say 0-0004. The designer would be 
provided with a table of the various steps and he 
would make his choice, having regard to the various 
mechanical and economic necessities of his design. 

It is clear that any gradation of tolerances must be 
& function of the diameter of the work, for it is 
obvious that both designer and workman require 
more tolerance on a 10-in. shaft than on a half-inch 
spindle. At the same time it is a well-known fact 
that a two-inch shaft does not require double the 
tolerance, which would be necessary on a one-inch 
shaft. It is moreover evident that tolerances 
strictly proportional to the diameter would lead to 
difficulties of measurement in the smaller sizes. 
Various systems have been proposed. The most 
popular and one which is in use in several well- 
Organised drawing offices involves a parabolic 
relation, as: Tolerance proportional to “diameter 
for any definite type of workshop process. It is 
difficult to discover why this square root law has 
been adopted. The general explanation is—ex- 
perience. Ask for the experience in concrete form 





and the answer is that it has been found to give 
satisfactory results. Whether any other system 
would give satisfactory results is apparently not 
known. It is difficult to see any rational basis for 
the square-root law. Geometry of fit would appear 
to indicate proportional tolerances with a term 
approximately constant for the oil film. This in 
regara to running conditions. As regards manu- 
facture we know that proportionality is not econo- 
mically necessary, nor is it permissible at the smaller 
sizes on account of measurement. However, push 
and shrink fits are usually designed on a proportional 
basis and it may be that a linear formula of the 
fom T=p (m+<sD) might be satisfactory, 
wherein T is the tolerance, p is a process factor 
increasing with the crudeness and cheapness of 
the operation, m is a measurement term for the 
sake of small work and 8 is a size factor to give the 
ni increase for large work. The errors in 
machine tools which conspire to produce non cireu- 
larity or lack of straightness are probably not subject 
to much variation except perhaps where work 
varies greatly in weight. On tools for repetition 
work the amount of wear for economic life may be 
@ consideration governing tolerances; what is the 
relation as regards wear and cost of resetting, &c., 
between, say, an inch reamer and one a tenth as 
large ? All things considered, it is difficult to see a 
rational basis underlying the square root law; it 
may be that the originators were familiar with the 
parabola, and found in it a ready expression for 
such facts as were to hand. 

The busy man is prone to view his problems in 
the light of the moment with ‘an occasional furtive 
glance into the future. It may be that in attempt- 
ing to standardise comprehensive systems of 
tolerances where evidence must be in some measure 
statistical, a historical investigation would be of 
great value. James Watt, we are told, had to 
move from the Clyde to Birmingham in order to 
secure the services of skilled artisans, and even then 
his cylinders were elliptic to a degree now almost 
incredible. Possibly in his day tolerances varied as 
the square of the diameter, for the clocks then were 
of good workmanship; probably difficulties of 
measurement were considerable. We can imagine 
industry at a later date passing through the linear 
stage; old tables of tolerances on carronades and 
mortars offer evidence in support of this surmise 
(see table.) 


Table of Calibres of Guns, Carronades and Mortars, with 
the Diameters of High and Low Gauges, July 1, 1808. 








Gauge. 
Nature. Calibre. i ene 
High. | Low : 
Guns— 
42-pdr. 7-018 6-795 6-684 0-0158 
32-pdr. 6-410 6-207 6-105 0-0159 
24-pdr. 5-823 5-639 5-647 0-0158 
18-pdr. 6-202 6-124 5-040 0-0158 
12-pdr. 4-623 4-476 4-403 0-0158 
9-pdr. 4-200 4-066 4-000 0-0157 
6-pdr. 3-668 3-552 3-498 0-0147 
4-pdr. 3-204 8-104 3-053 0-0159 
3-pdr. 2-913 2-820 2-775 0-0155 
2-pdr. 2-644 2-463 2-423 0-0157 
1}-pdr. 2-310 2-230 2-106 0-0147 
1-pdr. 2-019 1-955 1-923 0-0158 
+-par. 1-596 | 1-550 | 1+526| 0-0150 
Carronades— 
68-pdr. 8-050 | 7-900 | 7-850 006 
42-pdr. 6-840 6-795 6-684 0-0162 
32-pdr. 6-250 6-207 6-105 -0163 
24-pdr. 5-680 5-639 6-547 0-0162 
18-pdr. 5-160 5-124 5-040 0-0163 
12-pdr. ee «-| 4°520 4-476 4-403 0-0161 
Mortars and Howitzers |— 
13-in. ee --| 18-000 | 12-880 | 12-800 0-00615 
10-in. 10-000 | 9-880 | 9-800 | 0-00800 
8-in. . 8-000 | 7-880 | 7-800 | 0-01000 
-in. 5-620 | 5-540 | 6-480 | 0-0107 
in. 4-520 4-420 4-380 0-0089 

















Nore :—Dimensions are in inches. 


Then comes the period from which experience has 
been gained to support the square root law now so 
popular. Is it quite certain that the evolution 
towards accuracy has ceased? Or will the next 
generation prefer a cube-root formula? It may be 
that present standards of so called machine finish 
will be superseded by improved methods of rotary 
milling and grinding just as hand turning in cast 
and wrought iron is now almost obsolete. It is 
interesting to compare the square root and cube root 
systems in a simple table, thus :— 
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Square Root Toler- Cube Root 
Law. ance. Law. 
From 0°0 to O*ldia. ¢ O°00to 0°05 
Sb od atood «© O4Oto 138 pe NEB 
TE VIOD Ootole © -288to B20 TE 
1°6 to 2°56 bt 8-20to 6°25 
2°56 to 3-6 6¢ 6°25 to 10°80 
3-6 to 4°9 7¢ 10-80 to 17-15 


The unit of tolerance ¢ is chosen small enough for 
the finest work on small diameters and a multiplying . 
factor applied to suit the various workshop ——- 
empl Thus hand-lapped work might be t, 
machine ground work 2, fine machined finish 5¢ 
and ordinary machine finish say 8 or 10%. No 
pretence is made that these numbers are in correct 
proportion, nor is the table given above intended 
as more than an illustration. The constants 10 
and 20 under the radical signs are chosen for sim- 
plicity; thorough investigation over a wide field 
should be carried out before such numbers are 
laid down definitely. Nor is it contended that the 
cube root law gives a perfect series of ranges; the 
main advantage is that it gives few steps and these 
probably in better relative proportion than does 
the square root formula, It may be that some 
intermediate series would be better than either of 
those given at any rate for a time, but it is difficult 
to imagine any system which will not be outgrown 
by advances in technica] skill and increasing demands 
of design. 

The outstanding disadvantage of ~ system 
of standardisation, unless it be applied only to 
simple fundamental elements, is that development 
and change are retarded and, as time goes on, 
rendered well nigh impossible. As homely examples 
we have the pound and foot system of weights and 
measures and of instances more apt to the subject 
of this note the War has furnished many. Old 
designs recognisedly faulty, could not be abolished 
on account of the many secondary effects which 
would have been induced, ¢.g., questions of issue 
to various theatres of operations, special instructions 
for use, methods of packing, &. And in some 
cases the problem of providing new jigs and gauges 
was insuperable. Thus in one case an old design 
was used which involved selective assembly of the 
details. The design was a complicated one, with 
a large number of parts in a smal] space, and it was 
essential that these parts should fit well together. 
On the economic side it was expedient on account 
of unskilled labour and other factors to maintain 
ample tolerances. To meet these difficulties, each 
detail was sorted during shop inspection into three 
trays, high medium, and low, and excellent resulte 
achieved in the end. This is, of course, an exam 
whete the designer cannot obtain economically 
tolerances he desires, and the e ient used is 
equivalent to say trebling the tolerances of the 
designer for manufacturing purposes or trisecting 
the workshop tolerances for of assembly. 
The main defect of the method is that as 
spare parts the components are virtually trebled 
in number, but in certain stores such as ammunition 
and mines spare parts are seldom, the designer 
hopes never, required, It may be that in compli- 
cated and small articles selective assembly, and 
large tolerances are not only sound practice but 
necessary for economical production, Thus, sup- 
pose we have an article with forty independent 
gauges, and suppose that in each operation 3 
rejections per 1,000 are likely to occur, then it can 
be shown (see under) that 112-8 per 1,000 of the 
articles will probably be rejected. More generally 
if p be the probability of success in n independent 
operations and q the probability of rejection 
(q = 1 — p) and N articles are made :— 


In lst tion Ng are rejected leaving N p. 
In i" Nap : “ea N pa 
In nth ” Ngqp"-} ” ” Np” 


Thus the number rejected will be N (1 — p*). 
(This may be a novel way of summing a ical 
progression). It is interesting to note that N g 
is the number of articles on which every one of the 
nm Operations is faulty—an extraordinarily small 
proportion. Where inspection and rejection occur 
at intermediate stages of manufacture such a case 
can never occur. In some factories during the 
war inspection and rejection were carried out after 
each operation ; in others where space was limited 
and transport to and from inspection rooms would 
have been involved, the examination took place 
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after all the operations had been performed. It is 
easy to show that the total number of wasted 
operations under the latter system is :— 


1-, 
a{o- 438) 
or using the numbers in our former example 1,000 
(40 — 37-61) = 2,390 or 6 per cent. It may be 
that in certain cases these wasted operations are 
economically justifiable; the machine gun must 
frequently shoot dead men. 

It is seldom that all the operations on a job are 
of equal difficulty or risk. If the probabilities of 
passing and rejection are respectively p, py... 
Pn-1 Pn ANd 9, Gg +» » Gn-1 Qn then it can be 
shown as above that the total number rejected is 
N (1 — p, Pg « + +» Pn-1 Pn) Which is clearly indepen- 
dent of the order of the operations, #.e., as regards 
the total number of finished things rejected, it does 
not matter whether we do the easy parts first or 
last. If, however, the cost of each operation is 
proportional to the corresponding q, i.e., propor- 
tional to the risk of rejection, then it can be shown 
that the labour lost in this way costs least when 
the risky operations are done last; a statement 
which some may deny whilst others will say they 
knew it all the time. Perhaps we are pushing 
calculation too far since various considerations of 
setting and spotting faces and often of plant lay-out 
are more important in routeing the work. Indeed, 
but for the qualitative value of probability con- 
siderations where large numbers of events occur 
an apology might be fittingly offered for some of 
our earlier paragraphs, The extraordinary fascina- 
tion of the subject—the calculus of acts of God— 
would be no justification here. In a purely mathe- 
matical world inhabited by pure mathematicians, 
the theory of probability would doubtless be a very 
popular religion with Laplace, Gauss, and others as 
its prophets. In modern industry a more profitable 
study as regards errors of workmanship would 
probably be found in the health and fatigue 
of the worker, in the tools and gauges at 
his disposal and in the illumination of his work. 
Unless very large numbers of things are dealt 
with under standard conditions of work wherein 
all discernible causes are controlled, probability 
considerations are not strictly applicable. Prob- 
abilities are better reserved for the hidden acci- 
dental causes sometimes called “the Cussedness 
of Things.” 
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PERMANENT SHORING OF OUTER DOCK GATE 
ADDITIONS SHOWN SHADED. 











CARRON DRY DOCK AT GRANGEMOUTH. 


An important addition has been made to the 
dry dock accommodation in the Firth of Forth 
by the utilisation of a disused junction lock into 
the wet dock at Grangemouth, and the illustrations 
we reproduce on the present page and pages 763 and 
774 will be studied with interest in view of the some- 
what novel character of the construction work. The 
need for additional docking accommodation at 
Grangemouth has long been experienced, especially 
by the ship-owners and ship-repairers of the district, 
and the Grangemouth Dockyard Company, who 
have a shipbuilding yard in the port, are to be 
congratulated on the success of their pleading with 
the Caledonian Railway Company, who ultimately 
agreed to a lease of the lock to the dockyard com- 
pany. The utilisation of the lock enables vessels 
up to 340 ft. in length eee eee and 
50 ft. beam to be accommodated for repairs. This 
size practically covers all types of vessels trading 
to the ports on the Firth of Forth. 

Figs. 1, 2 and 3 are respectively longitudinal 
section, plan and cross-section of the lock as finally 
completed. The success of the undertaking 














Fig.7. DETAIL OF SOCKETS FOR VERTICAL STRUTS 
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depended on the watertightness of the outer gate 
in the River Carron, and therefore open to the sea, 
to permit of it being made an efficient permanent 
barrier to the sea. After months of labour the 
leakages were reduced to manageable dimensions, 
and kept under by temporary pumps, and the gate 
was found in good condition. Figs. 4 to 7, 
annexed, show this outer gate in sufficient detail 
to make a description unnecessary. A perspective 
view of the outer gate from the floor of the lock 
is given in Fig. 14, on page 774. 

The second uncertain factor was, as to whether 
the lock bottom, after the mud was removed, 
would be found suitable to permit of heavy local 
weights, such as a ship being placed on it. These 
fears were found to be groundless, the bottom being 
fresh, clean and undamaged. It should be said that 
the mud, of which there was 3,500 tons, was removed 
by utilising a steam dredger which conveyed the 
bulk of the silt to sea; the balance was man- 
handled after the water was fully drained off. 
The bottom of the lock was concave, as shown in 
Fig. 3, and a layer of cement, 18 in. thick at centre, 
was laid to make the radius less acute. An 18-in. 
waterway, Figs. 1 and 2, was formed under the keel 
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blocks to give drainage to the pumps. The depth 
of this channel is 18 in. at the pump end of the 
dock and 6 in. at the other end. To give foothold 
at the extreme sides of the bottom, cement steps 
were introduced and run throughout the length of 
the dock (Fig. 3). The dock sides being practically 
vertical, an arrangement of narrow, heavy staging 
with ladders adjacent has been fitted, at heights to 
suit vessels of different depths. These are seen in 
the perspective view, Fig. 15, on page 774. 

The pumping machinery is placed at the sea end 
of the dock, as illustrated on Figs. 8 to 13, 
annexed, and in the perspective view, Fig. 14, 
on page 774. It consists of two separate electric- 
driven centrifugal pumps by Messrs. e and 
Co., Yoker, Glasgow, each capable of delivering a 
mean quantity of 5,000 gallons per minute against 
an average head of 11 ft. when running at a speed of 
750 rpm. The ps are of the vertical-shaft 
type, placed in the bottom of the dock and driven 
through vertical shafting supported on lignum 
vite bearings of the water-lubricated type. Each 
shaft is supported by a heavy ball thrust bearing 
mounted on a massive cast-iron stool, and provided 
with accurate means of adjustment for the setting 
of the impeller in the volute. Each motor is 
coupled to its respective shaft through a shrouded 
flexible coupling. The pumps are designed so that 
in the event of the head falling to zero, the overload 
does not amount to more than 2 per cent. of normal 
full load. Thus the pumps are capable of running 
under all conditions without attention to valves, &. 
The motors are of the three-phase slip-ring pattern 
suitable for 440 volts, 50 period, three-phase supply. 
The machines are fitted with brush lifting and short- 
circuiting gear and are provided with attachments 
on the switch gear and the motor to prevent starting 
up in other than the . When the 
Pumps are required to deal with drainage water in 








which state they required to be primed, a small 
electrically-driven vacuum pumpof thereciprocating 
type is brought into use. It is arranged so that it 
can take a certain amount of water through the 
valves. This small pump can be connected to any 
one of the main pumps by suitable change-over 
cocks. The whole equipment is designed with a 
view to attain maximum hydraulic efficiency, and 
it can be operated with unskilled attention. 

While it is true that the lock is run dry by gravita- 
tion as the tide recedes, the water in the dock, 
even at low tide, can only fall to the height of the 
silted mud outside in the river. The pumps, 
therefore, have always this head to pump against, 
and the outlets were put through the dock gates 
at this level (Fig. 8) to reduce the load on 
the pumps during the bulk of the time they have 
actually to work in order to make the dock dry. 
As the entrance is from the wet dock, vessels can 
enter the dry dock at any time. 

The bottom parts of the keel blocks are of rein- 
forced concrete, and the upper parts of oak, making 
a suitable combination ensuring strength and fixity 
of position with adjustment for height. No change 
of any kind has been made on the original flooding 
and emptying sluices. An air compressor plant 
has been installed for riveting, &., and suitable 
offices, stores, engineering shop have been provided. 
The Grangemouth Dockyard Company, with their 
new dry dock and the dry dock at their shipbuilding 
yard at Grangemouth, can thus undertake a large 
volume of the heaviest class of repairs. 





GERMAN SUBMARINE DIESEL ENGINES. 

Tue attention which is being directed towards 
the Diesel oil engine at the present time is the 
outcome not only of the relative conditions of supply 
of oil and coat fuel in regard to quantities available 
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and market prices, but also of the distinct and 
marked success of this type of prime mover during 
the war as applied to the propulsion of submarines. 
Due to the large part played by submarines in the 
war, the performances of this type of craft did not 
go unrecorded. We have recently described some 
of the more interesting engines as fitted to Allied 
boats, and in this article deal with some of the more 
successful and generally fitted German types. 

Considerable attention has always been paid in 
this country to the development in Germany of 
the Diesel engine since Diesel, who first developed 
this type of prime mover in conjunction with the 
Maschinenfabrik-Augsburg-Nirmberg Company, of 
Augsburg, was, of course, a German. For marine 
work, the two-stroke cycle was preferred by British 
engineers and our attention where marine work was 
concerned was for a time concentrated to some 
extent on this type to the partial exclusion of the 
four-cycle type. 

Whilst the development of the M.A.N. Ntimberg 
two-stroke cycle engine was well known here, the 
British engineers who visited those works being 
cordially welcomed and all being explained to 
them; at the Augsberg Works the progress being 
made by the four-stroke cycle engine was not 
generally known. In pre-war days the M.A.N. 
Augsburg had a larger and a better four-cycle engine 
than the Ntirnberg two-cycle model. This later 
engine, of the stepped piston type, with scavenging 
pumps formed by the large diameter of the main 
piston underneath the working piston, and two 
two-stage compressors at the forward end of the 
main engine for supplying the fuel injection air, had 
manganese bronze crank-case and bedplates, and 


was made in sets of six or eight cylinders. It has 
been extensively described. The consumption of 
both fuel and lubrication oi] was relatively high. 
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France, and the United States of America took out 
licences to construct this type of two-cycle high- 
speed engine. The weight per brake horse-power 
of the engine was variously claimed as from 33 Ib. 
to 60 lb. per brake horse-power hour, but probably 
the latter figure is not any too large to cover the 
engine complete. , 

The pre-war M.A.N., Augsburg four-cycle engine 
was a reversible four-cycle engine of six cylinders 
developing from 800 brake horse-power to 1,000 
brake horse-power, generally constructed of cast- 
steel. It had two compressors, each of two stages, 
a low-pressure and a high-pressure, at the forward 
end of the engine similar to the arrangement adopted 
with the two-cycle Nurnberg engine. Little was 
said about this engine, no licences were granted and 
no sectional drawings were published. Messrs. 
Krupp also were constructing two-cycle, six and eight 
cylinder engines, with a separate scavenging pump 
and a compressor at each end. Two scavenging 
valves were incorporated in each main cylinder 
head. In Germany the development of port 
scavenging had only commenced when war broke 
out. This Krupp engine also was largely a man- 
ganese bronze engine and developed some 800 brake 
horse-power to 1,000 brake horse-power. In smaller 
engines Krupp retained the four-cycle type. 

It is interesting to see from the engines of the 
German submarines taken over by the Allies the 
progress that has been made by Germany with 
submarine Diesel engines, and the development that 
has taken place under the severe conditions of war. 
Recently we have written extensively on the subject 
of the two- versus the four-stroke cycle engine, and 
whilst the development in Germany in regard to 
marine practice prior to the war was, if anything, 
in favour of the two-cycle type both in numbers of 
engines built as well as in power per unit cylinder or 
per engine, the war development has been quite 
markedly in favour of the four-cycle engines. When 
basing deductions on the number of engines pro- 
duced, it must be remembered that in war time many 
considerations gave place to facility of production, 
and it was particulaily marked in Germany’s war pro- 
duction in other spheres for instance in aero engines. 
[t will not be disputed that there are many more 
constructors of internal combustion engines au fait 
with the four- than with the two-cycle engine, and 
for this reason the necessities of the case probably 
called for a greater number of four-cycle than of 
two-cycle engines. This, however, does not explain 
the fact that the largest German engines are four- 
cycle engines, which can only be accounted for by 
the fact that the two-cycle engine in Germany— 
where, as already stated, port scavenging had not 
been developed prior to the war, and it is not thought 
likely that much experimentation on these lines 
would be found possible in Germany during hos- 
tilities—has not justified at sea the many claims 
made for it. 

Tt must be stated that as regards scavenging of 
the cylinder the method requiring valves in the 
eylinder head—whether one valve, as used by the 
earlier M.A.N., Niirnberg engines, or two valves, 
as later adopted by the M.A.N. and Krupp or the 
four-valve arrangement first adopted by Sulzer and 
Carels and tried out by Krupps—has not proved 
successful in engines of other than of small power. 
The cylinder head of all Diesel engines is a part 
requiring most careful designing, but with two-cycle 
engines, and combustion taking place every revo- 
lution, the problem is extremely difficult as not 
only a fuel and a starting air, but two or more 
scavenging air valves, and possibly a relief valve, 
have to be accommodated in the cylinder head 
without restricting the cooling water passage to a 
dangerous extent. For the cylinder head of such 
two-cycle engines in Germany cast-iron, cast-steel 
and manganese bronze have been tried, and so far 
as can be judged from the information available the 
manganese brovze cylinder heads have been the most 
successful. 

To turn to the actual engines as fitted, these, as 
already stated, are generally of the four-stroke cycle 
type, more particularly the later engines, and the 
leading examples are the M.A.N., Augsburg type. 
The three principal sizes are of 1,750 brake horse- 
power, 1,200 brake horse-power, and 600 brake 
borse-power, in six working cylinders, giving some 





290 brake horse-power, 200 brake horse-power, and 
100 brake horse-power per cylinder, thus giving 
in twin screw boats 3,500 brake horse-power, 2,400 
brake horse-power, and 1,200 brake horse-power, 
respectively. In the British ships of the “D” 
class the total brake horse-power was 1,200, the 
“E” class 1,600 brake horse-power, and the “L” 
class 2,400 brake horse-power, all with twin screws, 
and in the “J” class 3,600 brake horse-power in 
three shafts. In this connection the vexed question 
of the Rating of Internal Combustion Engines (see 
ENGINEERING, vol. cvi, page 716) must be considered. 
The British engines are rated at a moderate output 
to the end that the power stated can be maintained 
continuously on service, whereas with the German 
engines the powers quoted are rather maximums 
attainable for short periods than outputs that can 
be sustained continuously at sea. 

Since the three German engines mentioned are 
generally of the same type it will suffice to describe 
one engine, and as of most interest that of the largest 
power will be chosen, namely, the six-cylinder engine 
of 1,750 brake horse-power. The chief difference 
between these engines is that the small engine has 
only one fuel injection valve per cylinder, whereas 
the two larger engines have two such valves per 
cylinder. 

The six-cylinder engine has cylinders 20°86 in. 
diameter by 20°86 in. stroke, developing its power 
at 380 r.p.m. The engine has two fuel injection, 
valves one exhaust, and one inlet valve per cylinder. 
It is to be recorded that the output per cylinder of 
approximately 292 brake horse-power is the highest 
on record for a complete submarine Diesel engine. 
The stroke-bore ratio of 1 to 1 is rather less than 
usual, in order to reduce head room and to accom- 
modate relatively large valves in the cylinder head 
so to give a high volumetric efficiency on the suction 
stroke. The mean effective pressure on a brake 
horse-power is 86 lb. per square inch, and assuming 
a ratio of brake horse-power to indicated horse- 
power of 80 per cent., which is the highest figure 
that could be expected from a high-speed engine 
where the engine auxiliaries are driven from the 
main engine, the mean effective pressure measured 
from the indicator cards works out at 107 Ib. per 
square inch, which is not an excessively high figure 
provided the piston cooling ments are suit- 
able. The piston speed at 380 r.p.m. is 1,310 ft. 
per minute, which is certainly a high figure and is 
higher than has been regarded in the past as satis- 
factory for continuous service. On account of this 
high piston speed the reciprocating weights are kept 
extremely low to reduce inertia stresses, &c. 

The pistons are of the trunk type and are oil- 
cooled. As to whether oil or water cooling of pistons 
above some 15 in. diameter in high-speed 4-cycle 
engines or 18 in. in diameter for low-speed engines, 
is the better, is a debatable point. For submarine 
engines, where the space and light in the engine- 
room are necessarily restricted, where accessibility 
has sometimes to be sacrificed, oil cooling as opposed 
to water cooling has much initsfavour. The system 
adopted in this engine is that of walking pipes, the 
oil being supplied to, and returned from, the pistons 
by this means. The pistons have a steel head 
ribbed on the underside and bolted to a very light 
ribbed iron casting which carries the gudgeon pin 
and bearing. These annular ribs in the piston head 
are cut in places to form labyrinth passages for the 
cooling oil, the bottom of the head being closed by 
a light casting. The whole piston, as is n 
with the high piston speed adopted, is extremely 
light. Should leaks of the cooling oil take place 
inside the crank chamber, the effects are negligible 
compared with the result which would follow from 
similar leakages of cooling water supplied to, and 
delivered from, the main piston in a similar way. 
The walking pipes, glands, &c., remain more readily 
in better working condition with oil cooling than 
with water cooling, since oil lubricates the parts. 
Again with water on a resumption of the supply of 
the cooling medium after a temporary stoppage the 
effects on the piston crown which will be highly 
overheated due to the temporary lack of cooling, 
will be very much more severe than with oil, due to 
the less harsh action of the oil, the specific heat of 
oil being only half that of water. With these 
engines, one of the neatest features in the design is 





the means foreseen for indicating the amount o 
flow and the temperature of this cooling oil. 

The main framing of these engines is of cast- 
steel. Long before the war continental designers 
relied, when weight was a consideration of primary 
importance, upon castings of steel. In this country 
it has never been possible for designers to utilise 
cast-steel to any extent for the main castings, due 
to the high first cost of these castings, to the fact 
that the percentage of scrap has always been 
exceedingly high, and to the inability of the steel 
founders to deliver sound castings of the requisite 
thinness. A large tonnage of steel castings were 
imported into this country from Germany prior to 
the war at a lower price than we could compete with, 
and of a high quality. Our designers had to specify 
either gunmetal, manganese bronze, or utilise forg- 
ings to serve their purpose. 

During the war most machinery contractors in 
this country have been severely taxed to meet the 
war demands for cast-steel even when the only 
parts for which this metal was specified were such 
as could not be satisfactorily made of any other 
material. It is to be hoped that the steel casting 
industry of this country will adopt the necessary 
scientific control to reach such a position that cast- 
steel as a commercially available material will be 
placed within the reach of designers who are faced 
with the problem of minimum weight with reason- 
able machining costs. 

The steel castings forming the main framing of 
these German engines are admirable in finish and, 
where required, are of the requisite thinness. The 
main framing consists of separate interchangeable 
steel castings one for each cylinder, bolted together 
where they butt, giving to the engine a high degree 
of longitudinal rigidity. The junction between the 
bedplate and housing is slightly above the crank- 
shaft centre. The bedplate also is of cast-steel. 
The crankcases are continued upwards to form the 
cylinder jacket and terminate in a flange studded 
to receive the cast-steel cylinder head. The cast- 
iron liner is pressed into the jacket and projects 
through the bottom of the jacket where a gland is 
fitted to prevent leakage of the cooling water into 
the crankchamber. 

The cast-steel cylinder head is water cooled and 
contains two fuel injection, one inlet and one 
exhaust valves. A port in the cylinder head leads 
to the air starting valve, and these ports are con- 
nected by short pipes forming thus a continuous 
starting main. A decompression and a relief valve 
are fitted to each cylinder. All the valves are 
driven from a camshaft running along the cylinder 
tops and driven by large skew gear and an angled 
vertical shaft from the crankshaft. Motion is 
transmitted from the camshaft to the valves by 
means of the usual mechanism of rollers, levers, 
&c. The two fuel injection valves fitted are identical, 
and are operated together by a link coupled to a 
crosshead actuated by the valve lever. Access to 
the main running parts of the engine is obtained 
through light doors in the crankcase. 

At the forward end of the engine is a four-stage 
air compressor driven by two cranks. Pre-war 
engines, as already stated, were fitted with two 
two-stage compressors each compressing to the fuel 
injection air pressure of about 1,000 lb. per square 
inch. Practice with large Diesel engines has shown 
clearly that compression to 1,000 lb. per square 
inch final delivery pressure in two stages is un- 
satisfactory, since the compression ratio in the stages 
(some eight or more compressions in each stage) 
is so high that the temperature of the air on delivery 
from one or both of the stages was excessive for 
reliable working. Modern practice is to compress 
the air in either three or four stages. As an example 
of four stage compressors for the injection air, 
reference can be made to our description of the 
Tosifour-cycle Submarine Diesel Engine (see page 
732 ante). 

With the four-cycle M.A.N. engines under 
description the four-stage compressor is used not 
only for the injection air but also for the purpose 
of refilling with compressed air the ship’s bottles 
for torpedoes, tank blowing, &c., duties requiring 
a pressure of 2,000 Ib. to 2,500 lb. per square inch, 
for which purpose four-stage compressors are satis- 
factory. To this end these compressors have a margin 
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of capacity over and above that required for the 
injection air only, and a reducing valve is fitted to 
ensure that, if the ship’s bottles are being pumped 
up, the injection air pressure will be maintained 
at the requisite pressure corresponding to the power 
being developed by, and the revolutions of, the 
main engine. This apparatus for pressure control 
consists of small pumps similar to the fuel injection 
pumps discharging above a piston which, in con- 
junction with a spring, loads a reducing valve on the 
fuel injection air service. The discharge from these 
pumps has a small leak off so that the higher the 
power being developed by the main engines the 
greater is the effect upon the reducing valve and 
the higher the pressure of the injection air; this is 
desirable for satisfactory conditions of fuel con- 
sumption at the higher powers and speeds of 
revolution. The use of the main engine compressors 
for torpedo air-bottle charging is new, but is quite 
a sound proposition. 

The engines are directly reversible and reversing 
is very simply effected. The valve levers are lifted 
out of contact with the cams by rotating their 
fulcrum shaft, upon which they are eccentrically 
mounted, the camshaft is slid fore and aft, bringing 
a complete set of new cams into position. The 
valve levers are then lowered by further rotation of 
the fulcrum shaft and the engine can then be 
started up in the desired direction of rotation. 
Starting is accomplished by compressed air in the 
usual way, three cylinders at a time being put on 
fuel by means of two large levers which put the fuel 
cam levers into action and the air valve levers out 
of gear. Reversing is accomplished by hand in the 
smaller engines and by power in the larger. 

The fuel is supplied to the cylinder head fuel 
injection valve by separate pumps, one for each 
cylinder, and the quantity is regulated in the 
usual way by controlling the period of closing of the 
pump suction valves, a connection being made at 
the same time to the cylinder head fuel injection 
valves so that their period of opening is reduced as 
the power diminishes. This latter regulation not 
only economises injection air but makes possible 
even running at a very much reduced number of 
revolutions. The reduction in lift of the fuel valves 
is effected by screwing down a stop upon the valve 
spindle which forcibly prevents the latter from 
lifting beyond the desired distance. This is possible 
owing to the valve lever lifting the valve spindle 
through the medium of a buffer spring. 

The whole of the controls of the engine are suit- 
ably interlocked at the control platform which is 
situated over the air compressors at the forward 
end of the engine. The interlockments are very 
complete and the mechanism evokes admiration for 
the compactness and the completeness with which 
the whole of the arrangements have been worked out. 
With this engine reversibility requires very little 
extra gear. Where submarines are concerned the 
necessity for making the main engines reversible is 
by no means established and often when the main 
engines are so made the gear is not used, the main 
engine being outclutched and the main electric 
motors used for all manoeuvring. 

The one operation in the handling of a submarine 
that requires to be accomplished with the maximum 
of precision and in the minimum of time is diving. 
So far as the machinery is concerned diving necessi- 
tates firstly stopping the main Diesel engine, secondly 
outclutching the main engine, and thirdly starting 
up the electric motor. It would appear that with the 
degree of reliability to which the design of reversible 
motors have been brought, there is no vital necessity 
for making the main engines reversible. Moreover, 
electric machi can be handled with a precision 
and a docility that the Diesel engine has not yet 
approached. The electric motors on the other 
hand are of much less power than the main engines, 
and so do not give the same manuvring effect for 
quick manoeuvres. When reversing gear can be 
readily fitted to the main engines, without sub- 
stantial increase in complication or weight, or loss of 
accessibility, it is well that it should be fitted, even 
if only to be regarded as an extra means of manwuv- 
ring rather than the principal method. It shoul 
however, be enforced that the main engine reversing 
gear is periodically tried out to ensure that it is 
maintained in good working order. 


These M.A.N. engines so far as can be judged by 
the relatively short runs to which they have been 
subjected, run extremely well with practically a 
smokeless exhaust. The maximum of smoke which 
these engines make is the light pale haze attribut- 
able to the combustion of lubricating oil common to 
most high speed engines due to the great speed, and 
to the adoption of trunk pistons with the consequence 
that a certain percentage of lubricating oil finds its 
way past the piston rings into the main combustion 
space and so into the exhaust. The fact that a 
submarine cannot compete in speed with the high 
speed anti-submarine surface craft makes it necessary 
that a submarine should give by smoke the minimum 
indication of position or direction so that smoke- 
lessness of the main engines is a very desirable 
feature. 

The full power consumption of these engines is of 
the order of 0.44 Ib. of fuel per brake horse-power, 
hour, and the engines run satisfactorily upon 
a wide range of fuel oils. This consumption is 
higher than is obtained on service full power with 
British submarine engines and considerably more 
than with British engines on the test bed, and may in 
measure be accounted for by the two fuel injection 
valves with which the German engines are fitted. 
The reason for fitting these two valves appears to 
be purely constructional so far as the cylinder head 
casting is concerned, making possible very satis- 
factory water cooling spaces between the various 
valve pockets, and reducing the well-known liability 
of cylinder heads to crack between the fuel valve 
and the exhaust valve housings. Certainly the two 
fuel valves militate against the best conditions of 
combustion conducive to the minimum fuel con- 
sumption. The fuel valve and pulveriser are of 
quite simple design, the fuel oil being discharged 
aga aang der through a nozzle with a number of 

0! 

Generally the manufacture and workmanship of 
these German engines is particularly good, the 
castings being very clean. All the parts of the 
engine appear to be extremely well made. A 
number of the fittings are remarkably small and the 
question arises as to whether they would stand up 
to the usual wear and tear of marine work, or whether 
their refit could only be entrusted to the most 
experienced mechanics. Accessibility of the main 
parts of the engine has not been studied to the 
same extent as is usual with British practice. For 
instance the piping, of which there is a considerable 
amount on the engine, is extremely neatly stowed, 
but the joints, unions, &c., are not accessible. 

This question of accessibility generally is one of 
point of view, and it would appear that the German 
engineers in their design did not consider the ques- 
tion of facility of overhaul and refit of these engines 
atsea by the engineers on board. The engines are 
in many respects automatic, and when they gave 
trouble they were probably handed over to an expert 
shore squad for refitting. 





THE MICHELL THRUST BLOCK.* 
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Fig. 3. MICHELL THRUST BEARING, ENCLOSED TYPE, NAVAL PATTERN. 


! 
ee ee 



































\ Pivoted Blocks 
| 
ot tie 
= wen oo, x 
C) a » J i | 1 LA we C} 
» oes ' | ' es 22 J we 
26 8) 








PROPELLER THRUST INDICATOR 



































VERTICAL SECTION Ys 

Fuq. 6. 
ed: : 

5 acme es Direction of Thrast 
77 pcre 

fe) fe) yee 

Pian wew wiTH\O Obed © 
CAP REMOVED oO O Qo-o 


2 6% o'O 


(5826 aj 


MICHELL THRUST BEARING, MERCANTILE MARINE PATTERN. 





Fig. 10. 
















































LONGITUDINAL 
SECTION ELEVATION. 
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transmitting as much as 25,000 shaft-horse-power 
through one propeller shaft, and if it should ever be 
desired to put double this power through a single shaft, 
one need not hesitate to take the whole thrust on a single 
collar, 

The great saving of weight and space, to say nothing 
of cost, capuihing fous the adoption of the Michell thrust 
block, is most marked in the dion of a crowded engine 
room, and it is not surprising that in recent years, and 
especially since the advent of the geared turbine—this 
type of thrust has been universally adopted in naval 
vessels to the almost entire exclusion of the old-fashioned 
multi-collar type. 

What is good for a turbine drive is also good for a 
reciprocating engine drive, and even in submarines, 
with an oil-engine drive, the single-collar thrust has 
proved its superiority. . 

It is no exaggeration to say that in certain classes 
of warships the adoption of the Michell thrust has meant 
not only a shortening of the engine-rooms, but a con- 
siderable reduction in the total length of the vessel. 
In any case it would have been extremely awkward 
to arrange multi-collar thrust blocks in the spaces 
allotted, and it is almost certain that they would have 
given trouble with a turbine drive. Take, for instance, 
the case of a vessel with engine-rooms tandem- 
wise, and so crowded that the thrust blocks have to be 
accommodated in recesses built into the next engine- 
room or the next compartment aft. The Michell block 
is 7 ft. long over all, and just fits in nicely, A multi- 
collar thrust block of the horse-shoe t would be at 
least 25 ft. long over all, and would weigh three times 
as much as the ‘Michell block. 

The shortness and compactness of the single-collar 
thrust enables it in some cases to be incorporated in 
the gear-wheel casi Many of the American destroyers 
that were operating in European waters during the war 
were so fitted, the thrust block being located at the for- 
ward end of the gear-case. 

There are many details of design and construction 
that are of particular engineering interest; but it is 
not proposed to enlarge upon them here. One item, 
however, has been the subject of much controversy ; 
and that is the correct position of the pivot about which 
the thrust pads rock. Many of the earlier single-collar 
thrusts were fitted as peing Wnts on turbine spindles. 
In these cases provision to be made for the unbalanced 
thrust pressing either forward or aft with the spindle 
revolving ahead or astern, and the pivot was necessarily 
placed at the centre of the pad. With low bearing 
pressures this is all right. 

When it was decided to use Michel thrust blocks 
on main propelling shafting, the same method of pivoting 
was adopted. Again, so long as the bearing pressure 
was low, and the pads not too long in the direction of 
rotation, they worked all right. But with inc 
pressures, the attenuated film of cold thick oil entering 
at the leading edge of the pad was not enough to cover 
the whole surface. Part of the oil is always inevitably 
squeezed out at the sides, and the trailing end of the pad 
consequently ran dry and hot. To ameliorate this 
effect the trailing end of the pad surface was chamfered 


off. By this round-about method the became 
unsymmetrically pivoted, as originally advocated by 
Michell, and as. it would doubtless have been made to 


start with, had builders not been put off the scent by 
their experience with the turbine adjusting block. The 
fact is, the. conditions are quite different. Centre 
pivoting is essential in turbines for the reasons afore- 
said, but on the main shaft the direction of rotation 
is always the same when driving ahead, and alwa 

in the opposite direction when driving astern. The 
only “gen og is when trailing with the shaft revolving 
ahead, when bearing on the astern surface, but the 
pressure is then so low that it need not concern us. 

Now Michell found that the resultant centre of pressure 
on a thrust is at about -58 of its léhgth measured 
from the leading edge (Figs. 4 and 5, page 766). There- 
fore, to ensure the pad lifting at its leading edge to admit 
oil it should be pivoted somewhere beyond the centre 
of pressure, say ‘62 to -66 of its length, measuring 
always from the leading .. The author has always 
adopted -66, whether rocking on a radial ri or on 
a point pivot, and results have been uniformly satis- 
factory. 

Evidently, when centre B wire the pad tends to 
close instead of opening to admit oil, and the only reason 
that can be adduced for the fe opening at all when 
centre pivoted is.that the oil is heated and b 
thinned in. its. passage across the pad, thus approxi- 
mating to the desired wedge film action. 

Another feature of design on which there is a diver- 
gence of opinion is the circumferential | h of pad 
as compared with its radial width. Michell found 
that the best proportion was to make these two dimen- 
sions tely ual, and demonstrated that 
the friction of a square block is one-thirteenth that of 
a rec lar block where the longer axis is three times 
that of the shorter axis. 

The , of , is the extreme attenuation 
and possible.disappearance of the oil film at the trailing 
edge of the,longer ‘pad, as before described. By way 
of presenting this feature in visible form the author 
invoked.the aid of the Hele-Shaw stream-line ap us, 
which shows.very clearly the flow of oil across inclined 
surfaces of varying areas and proportions (see Figs. 14 











propeller. Experiments in this direction have been 
reviously referred to by the author and printed in the 
ransactions of the Institution of Naval itects (see 
vol. lviii., e 147, and vol. lix., page 114). 

Briefly described, the apparatus consists of a ring 
of hydraulic cylinders at the forward end of the thrust 
block casting, the several pistons of which engage the 
internal abutment ring containi the thrust i 
(Figs. 6,.7, and 8, page 766). By forcing water or oil 
into these cylinders until the abutment ring is just off 
its face, when the pressure ceases to rise, we know that 
the propeller thrust is now borne by the liquid pressure, 
and the total load is ascertained by a simple calculation, 
or as the total piston area of the ring of cylinders is 
constant, the were may be graduated to record 
directly the number of tons-thrust exerted by the pro- 
peller. A similar apparatus at the after end of the 
thrust block records the pull of the propeller when 
going astern. 

The advantages of being thus able to record the actual 
driving force of the propeller will be fully appreciated. 
Questions of propeller efficiency and guesses pe" gy sees 
coefficients and effective horse-power will become 
things of the past. Just as the author predicted in 
1907 that “‘ shaft-horse-power” would supersede “ in- 
dicated horse-power” when torsion-meters became 
common, so now he would predict that the time is not 
far distant when ship designers will call upon the engineers 
to produce a propeller thrust of so many tons for a 
given speed of vessel, without any reference to horse- 
power, whether “indicated,” “‘ shaft,’”’ or “‘ effective.” 

Moreover, a direct comparison between the shaft- 
horse-power and the indicated thrust will go far to 
clear up many outstanding probl in tion with 


—— 

general adoption of the Michell single-collar thrust 
in the Mercantile Marine (Figs. 9 and 10, 766) has 
been retarded by war conditions ; but it may be assumed 
that in time merchant vessels will follow the lead of 
the Navy in this respect. In other-words, the Michell 
thrusts already fitted and being fitted to so many single- 
and double-geared turbine vessels will accustom en- 
gineers, superintendents and owners to the improved 
type, and encourage them to adopt the same type for 
reciprocating engines. Already the tide is sett i 





SOME POINTS IN THE MANUFACTURE OF 
FILES.* 


By Geo. Taytor (Sheffield). 


Steel.—At no time in the history of file-making has 
the importance of the file been realised so much as duriny 
the past four years, and probably at no time in its history 
has the need for reorganisation been so urgently required 
as now. During the time that scientific attention has 
been given to other branches of industry, the file trace 
has rusticated. By dint of stress from outside a few 
mild improvements have been made, but in the main 
things have gone along in a seemingly happy-go-lucky 
way, perhaps due in a measure to the idea more or less 

revaient that file-making is not a very paying business. 
een competition and the lack of scientific investigation 
and organisation are the principal causes of this attitude. 

Half a. cent ago nearly all files were made from 
crucible ad. Todor nearly all files are made from 
either Siemens or Bessemer steels. Exceptions are such 

as warding, taper, and mill saw, and other very 
small files. In the Sheffield district, in point of chemical 
ane anaeaa the steels used fall between the following 
imits :— 


Per cent. Per cent. 
Carbon 0-90 1-40 
Silicon 0-10 to 0-25 
Manganese 0:30 to 0-80 
Sulphur 0-01 to 0-05 
Phosphorus 0-02 to 0-06 
On the Continent, and to a relatively less extent in 


this country, some files are made from milder steels of 
Bessemer origin. The amount of carbon may be as low 
as 0-35 per cent. Such material cannot be hardened 
in the ordinary form of lead bath, but must be handled 
by a modified form of hardening process in use in the 
tenth century, or earlier, which is more fully dealt with 
under ‘‘ Hardening.” 

Of late years, with a desire to produce a better and 
more durable article, manufacturers have resorted to 
the practice of adding special elements to file steels, and 
fancy names, generally of a misleading character, have 
been given to files made from such materials. These 





ng in 
that direction. An ocean liner is away at present with 
@ spare set of horse-shoes fitted with tipping pads on 
the Michell principle (Figs. 11 to 13, page 766); and her 
return is awai with confidence by the enlightened 
superintendent who was bold enough to authorise the 
experiment. It will be interesting to see whether the 
multi-collar thrust runs as well as the  single-collar, 
and if it does, then shipowners will be able to take 
advantage of the Michell principle in existing boats, 
without going to the expense of installing new single- 
collar thrust shafts and blocks and altering keelsons 
to correspond. 

Pressure film oil lubrication scientifically applied 
opens up an entirely new vista in engineering practice. 
No Nahi shall we be satisfied to construct thrust and 
journal bearings on traditional lines, and trust to the 
oil finding its way from numerous oil-boxes by gravity, 
or even by Seneedl lubrication, into the vital parts of the 
various bearings, enticed thereto by cunning oil grooves 


cut into the “ brasses.” 

The time is my ge when all such bearings, 
whether round or flat, will be designed with special 
reference to the automatic entraining of the lubricant 
into the wedge-shaped oil clearances provided, and all 
that will then be required will be a plenum of oil for 
the bearings to draw upon, and an adequate outlet to 
maintain a free circulation. 

A true and intelligent appreciation of the principles 
involved will bring about a complete revision of engine 
and machine design generally, resulting in economy 
of si and weight of material, and the reduction of 
friction to a negligible quantity. 

A great di of large scale experimental work has 
ren — done, a — pe ae to be done 
before those responsi or the efficiency and upkeep 
of powerful sonabhaney can or should be oasnelel to 

bandon old practi and adopt new methods. But 
the knowledge is spreading, and—to give honour where 
honour is due—it will be found that the engineering 
department of the British Admiralty have led the way 
once again in pioneering an advance of world-wide 
utility. 

The author desires to record his thanks to the conpe 0 
Engineering Society for the use of the blocks from which 
some of his illustrations are reproduced. 








British Ratway Acctpents.—The Report of the 
Board of Trade upon accidents that have occurred in 
the railways of the United Kingdom during the year 
1918 shows that of the servants of companies or con- 
tractors 5 were killed and 146 injured from accidents to 
trains, rolling-stock, permanent way, &c., whilst 293 
were killed and 2,570 injured by other accidents in which 
the movement of trains was concerned, and 39 were 
killed by accidents in which the movement of trains was 
not concerned. A classification of the accidents which 
occurred to railway servants in connection with the 
coupling and uncoupling of vehicles shows that 2 were 
killed and 162 injured in i pling with 


elements are chiefly chromium and tungsten. 
These elements are used in tool steels either to increase 
their effective hardness and the depth to which it 
etrates, or to sustain a keen cutting edge for smooth 
ishi wen Neither of these objects are attain- 
able by the present methods of file-making in anything 
like the sense in which they a to the er of 
machined or ground tools. hatever commercial 
advantage there may be in using these special elements 
in file steels, there is probably no great increase in the 
actual efficiency of the file, and there may be some 
decrease unless a number of oft-overlooked precautions 
are simultaneously taken. The hardness of the file 
tooth and the depth to which the hardness penetrates 
have never been grounds for complaint which can be 
remedied by adding chromium to steel, and the sharp- 
ness, efficiency, and durability of the teeth suffer less 
for want of tungsten than for want of care in controlling 
their size, shape, regularity, and the rake and clearance 
angles of their cutting edges. 

From a number of tests of both chrome and 
ordinary steel files made on the Herbert testing machine— 
files cut under the same conditions by the same man 
with the same angles on the chisel, and on blanks with 
the same Brinell number—the average results are about 


equal. 

It is well known that files vary, and it is quite possible 
to obtain a file now and again which will show a very 
good curve when tested on the Herbert machine, but 
such results are largely due to ident or , and 
not to design, and arise owing to the unscientific way in 
which files are at present made. Many of the tests of 
chrome steel files have fallen much below those of ordinary 
files, showing that those extra precautions have been 
overlooked, which must be taken if chrome steels are 
to be worked to the best advantage. 

No doubt in time we shall find good reason for adding 

ial elements to file steel, or for leaving out some 
elements whose interference is only vaguely suspected. 
This t of the business lies very properly with the 
metallurgist, and when the same amount of care is given 
to this part of file-making as is already given to the 
making of other cutting tools, many of the problems 
which trouble the manufacturer will be removed, and he 
will = assisted materially in the production of a better 
article. 

In relation to the manufacture of files, crucible and 
Siemens steels are to be distinguished chiefly by the 
different amounts of manganese which they contain. 
This element, more than the usual variation in the 
amount of carbon, determines the depth to which the 
hardness through and beyond the tooth of the file pene- 
trates. It is objectionable in small files, chiefly because 
it causes them to harden intensively throughout, and 
makes them correspondingly brittle. It may be objection- 
able in large files too, both for that and other reasons. 
Siemens steels are also generally less free from roaks 
and other surface defects which, particularly in round 
files, might cause them to split on hardening. This, 
however, does not involve any serious amount of incon- 
veni and loss, as the roaks are mostly visible after 








ling and 
pole; the figures were 2 and 27 for coupling and un- 
coupling without pole ; 3 and 58 for those operations on 





to 19, 767). 
The futility of making the pads too long in the directi 
of flow not’ be better demonstrated, and the 


advisability of.chamfering off the trailing surface when 
such pads are .centre pivoted is self-evident. 

The sim design and construction of the — - 
collar thrust lends itself to the solution of a problem 
that is of profound interest to ship designers; viz., 
the determination of the actual thrust exerted by the 





screw pled vehicles ; one man being injured in another 
coupling accident. The total route length of the rail- 
ways of the United Kingdom open for traffic at the end 
of the year 1915, latest year for which statistics of mile- 
age are available, was 23,709 miles. The greater portion 
of this mileage consisted of two or more lines of rails. 
The total track mileage was 40,808, without sidings, 
and 55,867 with sidings. 





inding, and the blanks can then be rejected. __ 

Soft files, due to the surface of the ingot and billets 
becoming decarburised in the reheating furnace prior 
to rolling, are not distinguishable until they are practically 
finished. For softness occurring in spots or patches, the 
rolling-mill is not necessarily to blame. It should be 
recognised, however, that most of the bars as they leave 


oa read before the Iron and Steel Institute, on 
Friday, May 9, 1919, 
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the mill or forge are surrounded by envelopes of carbon- 
less metal, which may be in in depth in the subse- 
quent forging and annealing o ions, and must be 
later entirely removed by grinding if soft files are to be 
avoided. 

Fig. 1 is an enlarged photographic representation of 
a section of flat file steel showing the carbonless white 
envelope. 

The troubles which afflict the file-maker, so far as the 
steel is concerned, might be considerably mitigated. 
He knows too seldom what the chemical composition of 
the material is which is delivered to him. (I have known 
the carbon to vary in presumably the same steel from 
0-55 per cent. to 1-60 per cent.) Very often, too, he 
works up material for the sake of cheapness which has 
been found unsuitable for some other purpose. 

The first thing, then, to be done is to determine what 
is the most suitable steel. Secondly, always to order 
to that analysis. Thirdly, to insist on the cast number 
and analysis being given with each delivery of material. 
Fourthly, to check the analysis. Fifthly, from each 
delivery of material to examine the extent of decarburisa- 
tion. In this way the examination will become a properly 
organised part of the file-maker’s system and prevent 
many of the subsequent troubles he now experiences. 

Forging.—When M. Jars visited this country in 1765, 
he inspected the Sheffield and Newcastle file industries, 
and made some interesting notes on what he saw. Re- 
ferring to Sheffield, he writes: ‘Specially noteworthy 
was a machine driven by water on which a single man 
made as many files in a day as 50 file-cutters could work 
up in the usual way.”’ But the inventor and possessor 


of this machine, Thomas Lightowller, destroyed it out 
This, I believe, had reference to a forging 


of caprice. 





hammer. The first use of a water-driven hammer for 
file forging was made in Germany, and was called a 
Reckhammer.* However, practically all files were 
forged by hand; the smaller sorts, single hand; and the 
larger and heavier, double hand; i.e., by two men—a 
forger and a striker. The steam-hammer was first 
used in Sheffield for file forging about the year 1879. 
Hand-forging occupied a large number of workers for 
many years, and it was not until the introduction of the 
belt-driven hammer (Fig. 2) that hand-forging was super- 
seded. Some files, principally very small sorts, are 
still hand-forged, but the vast bulk of the work is 
executed by belt-hammers and rolling machines. The 
rolling machines now in use (Fig. 3) are a great improve- 
ment on the earliest designs, and they have helped 
considerably to increase the output of files for all munition 
purposes during the war. 

Breeze fires had been in general use for heating the 
blanks preparatory to forging, but with the advent of 
steam-hammers large coke fires were built. These 
continued in use after the belt-hammer was installed, 
until gas became recognised as the cleanest and most 
manageable means of heating. Many people still have 
their coke fires, and some of them believe that these 
possess a certain virtue not to be found in gas fires, in 
that decarburisation does not take place so readily. 
Fig. 4 shows the latest type of gas-fired furnace. 

Decarburisation may occur no matter what kind of 





* See Beck, ‘‘ Geschichte des Eisens.”’ 





furnace is used, and is not necessarily more frequent as 
& result of the use of gas fires. 

Whatever means are used to heat the file blank it is 
of the greatest importance that it should not be over- 
heated. When a series of bars are being heated simul- 
taneously, the forger should see that none of them become 
hotter than is necessary to give them the required shape 
before the temperature falls below dull redness. Nor 
should the bar which has to be drawn into a taper file 
have more of its — raised to a forging heat than will 
allow the taper to practically form Steel which 
has been raised to a forging heat and not subsequently 
forged assumes a coarsely granular structure, which 





Fig. 1.—Section showing carbonless envelope. 
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may or may not be remedied by subsequent annealing. 
If not remedied the hardened file is needlessly brittle in 
the overheated part, and may break in straightening, 
cutting, or hardening, or it may break off short in use. 

Fig. 9 (page 770) 1s a section from a file which broke 
during the straightening after it had been annealed. 

It is advisable that the forger should be instructed :— 

(1) As to the kind of material he is to forge. 

(2) As to the temperature at which he must work. 

(3) Not to leave heated blanks in the fire, but to finish 
them before leaving his hammer. 

File forgers are rarely given such particulars; if they 
were instructed, not only would there be less over- 
heating than now occurs, but they would develop more 
interest in their work. 

If overheating is suspected it should be looked for 
just beyond the tapered portion. If the fractured 


Uj 








surface in that portion is coarser than in the unforged 
part nearer the tang, the forger and not the rolling-mill 











is obviously to blame. Needless exposure of the file 
blank to high temperature may increase the depth of the 
decarburised envelope, and lead to irregular patches of 
soft teeth towards the point of the file. The old sayin, 
that the “nature” has been burnt out of the steel, and 
it therefore will not harden properly, or has no longer the 
“body *’ necessary to give it the required strength, 
oy eee only that the surface of the file is 
eficient in carbon, and the coarse crystalline structure 
allows a crack to be readily and propagated 
through it. The demands made on the st h of a 
file at the tang end being comparatively small, some 
degree of overheating may be tolerated in that part, 
providi it is well-tempered after hardening; still, 
overheating of steel is always more costly than the proper 
kind of heating, though the difference may not always 
be readily perceived. 

Another point of considerable importance in forging 
is the production of a uniform shape of blanks. Under 
present conditions it is practically impossible to pro- 
duce quantities of blanks that are perfectly uniform, 
but as future developments in grinding and cuttin 
operations will be based on uniformity of the for 
blank, attention must now or later be given to this point. 
File-makers need the co-operation of engineers with a 
view to solving this and other problems in file-making, 
the urgency of which is apparent when we consider the 
higher organisation that exists in America and also in 
Germany, and the keenness of the competition with 
which we are likely to be met in the world’s markets. 


Annealing and Straightening.—The ancients had no 





need to anneal their file blanks preparatory to other 
operations. As they were made from iron, or very mild 
steel, all they had to do was to prepare a surface to 
receive the cutting. With the use of high-carbon steels 
arose the necessity of softening the blanks sufficiently 
to allow the metal to flow up into a ridge or tooth under 
the impact of the cutting chisel. The older furnaces 
used for this purpose were built of brick, and consisted 
of a fire-chamber in which the blanks were stacked. At 
the sides were holes through which the flames from the 
coal were drawn by means of a flue and damper. The 
smoky flames penetrated through the body of files and 
heated them to the proper tem ture, as determined 
by the practised eye of the annealer. When the required 
heat was reached, the furnace damper was pushed in and 
the files allowed to soak, then the fire died down and was 
drawn. This operation was completed in three days. 
(See Fig. 5.) From this type of furnace a departure was 
made to a larger long type, with firing-chamber at one 
end, the lambent flames being drawn over the files, 
which were arranged in mild steel sheet trays, by means of 
a flue, the mouth of which was placed in the roof at the 
opposite end (Fig. 6). A variation on this type was that 
in which the flue was carried under the of the 


furnace. 
The latest and most efficient type is the oo 
urnaces 
means of these 


furnace. Figs. 7 and 8 show two types of these 

in section to illustrate the working. B 

furnaces it is possible to anneal much larger quantities 
of file blanks, and to do them quicker, cleaner, and with 
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better control. All older types of furnaces are still in 
use, the idea being prevalent in some quarters that the 
smoky flames of the coal furnace are better for the files. 

Pyrometric trol of ling temperatures is not 
universal in the file trade, but it is obvious that in the 
future pyrometry will be found as useful here as in other 
branches of the tool-making industry. ‘ 

The main object of annealing the f blanks is to 
make them soft, in order to facilitate the work of the 
grinder and cutter. Should the blanks be made as soft 
as possible ? One would answer instinctively, “‘ Yes, of 
course.” And yet there are skilled men, file-makers for 
the last half-century, who maintain that 1 per cent. 
carbon steel, for example, can be made so soft that on 
cutting, “ the tooth will not rise .” This state- 
ment is difficult to understand, but if one investigates 
the shape of tooth formed on copper, wrought iron, mild 
steel; &c., by the same chisels and machines as are bei 
regularly used to cut ordinary file steel, it will be f 
that the same conditions as produce a reasonably good 
tooth on moderately softened 1 cent. carbon file 
steel will not necessarily produce a desirable form of 
tooth on soft copper or wrought iron, or even on very 
mild steel. It may, however, be taken as a reliable 
fact that the softer the blanks, so long as the degree of 
softness is uniform and the shape of the chisel is suitably 
adapted, the better form of tooth it is possible to make, 
and obviously the easier and cheaper the grinding and 
cutting operations become. 

In order to harden his chisels the file cutter quenches 
them from a certain temperature between 750 deg. C. 
and 800 deg. in water. In the quenched state they are 
too brittle for use, so he reheats them to some tempera- 
ture between 200 deg. and 300 deg., and finds that they 
have become softer and tougher. If they are still too 
brittle he reheats them or tempers them to a still higher 
temperature until a suitable degree of softness and 
toughness has been reached. He knows that if the 
chisels had been quenched out in the first instance in 
warm water, oil, or molten lead, they would have been 
softer than they were after quenching in cold water, and 
he should therefore be prepared as a matter of experience 
to believe :— - 

(1) That the hardness of steel depends on"the rate at 
which it is cooled. 





Fig.7. 
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(2) That having once been hardened it can be softened 
to some extent by reheating or tempering at temperatures 
below or up to low redness. 

It would be quite impracticable to cut efficient files 
from many forged blanks unless they were first softened. 
To make the softening operation ahosbutdhy imperative 
and give greater emphasis to the following observation, 
let us suppose that the blanks are as h as possible ; 
that is to say, let them have been water-quenched. If 
from this stage they are reheated respectively at 100 deg., 
200 deg., 300 deg.» 400 deg. C., and so on, they become 
softer. At 500 deg. C. a faint redness might be seen in 
the dark, and a hardened file blank after reheating to 
this temperature had a Brinell hardness number of $21. 
After reheating to 600 deg. C. the Brinell number was 
241; after 700 deg. C. it was 187. In every case, duri 
these observations, the file blank was kept at the sta 
temperature for two hours, and it was almost a matter 
of indifference, so far as its hardness was concerned, 
whether the file blank was allowed to cool in the air or 
os out in cold water. At a tem ture of 

00 deg. C. we are on the verge of a sudden change, 
= effect is clearly illustrated by the following 
table :— 


Tass I. 
Reheated Cooled in Quenched in 
to Air. Water. 
700 deg. © 187 187 
725 deg. C 170 187 
760 deg. C 196 555 
850 deg. OC. 241 555 
950 deg. C 269 555 
These observations show quite clearly that if it is 


intended to soften file blanks by reheating to certain 
temperature and allowing them to cool in the air—a 
practice by no means unusual in the trade—then the 


nearer the maximum temperature reached approaches 
the tem ture at which they would harden if water- 
quench: the softer they become. If, however, this 


temperature is overstepped the blanks get harder, and 


to attain the greatest 
too far and produce 





this practice is end ing 
possible softness is apt to be pushed 
instead blanks of a mixed kind, some —s much harder 
than others, which is always undesirable if regular work 
at fixed piecework rates has to be done. This method 
of ** ing ’ file blanks is therefore not commendable. 
The only remaining alternative is to reheat the blanks 
to a tem’ ture at which they would harden if water- 
sunshed, end to mili the wu uent cooling so slow 
t they remain suitably soft. material referred 
to in the last paragraph, when cooled uniformly from 
760 deg. C. in 24 hours, had a Brinell hardness number of 
156. It is not essential to keep the blanks in the 
till they are stone cold ; when they are no lo 
red the cooling can, if desired, be comple 


visibly 
with the 
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doors and dampers 
air. By this latter 


up, or by drawing the files into the 

dure the blanks can be made 
softer, and more uniformly soft than is possible by any 
form of reheating followed by cooling in the air. That 
the blanks are more apt to scale is true, but that can be 
easily avoided, and is in any case a comparatively small 
matter. 

If the blanks have been overheated in the forge, the 
annealing furnace is the place to make that defect good ; 
or at least to remedy the defect as far as it is remediable. 
The coarse crystalline structure due to overheating is 
not at all removed by the softening which depends on 
reheating and air cooling. The coarse may be replace- 
able by the fine structure only during the through 
at least that range of temperature which confers on the 
steel the p= emg | of hardening when water-quenched ; 
and that range of temperature, as we have-seen, can be 
used with effect only when the subsequent cooling takes 
place very slowly. These considerations will not appeal 
very strongly to those who never produce overheated 
blanks, but are set down here for the sake of complete- 
ness and the ial benefit of the inquiring person who 
+ Sn times be troubles with cracked files which seem 
to have gone wrong somehow. 

The file-maker is very conservative in his views. He 
still continues to use steels containing so much carbon 
that the file is diffiised throughout with a network of 
free cementite. This makes the file brittle and adds 
little or perhaps nothing to the usefulness or wearing 

uality of the tooth; it adds enormously, however, to 
t! eG of the teeth cracking during the hardening 
tion or breaking off in use. It frequently happens 
t the surface of the file, even below that portion 
ground away, becomes decarburised to a certain degree 
and so protects the file-maker against himself. Note, 
for example, that the free cementite in Fig. 11 sto 
‘ace of the 


short an appreciable distance below the 
But the serious objection to the use of the file steel 








containing over 1 per cent. carbon lies in the fact that 
such once overheated cannot be restored by heating 


to s temperature just above that from which it could 
be hardened. Fig. 9 may be taken to represent the 
microstructure of such a steel in the overheated state. 
When fractured the exposed surfaces glare and glisten. 
If the material is made into a file by the ordinary pro- 
cesses and hardened, a fractured surface has still a coarse, 
dry appearance, and such files break readily in use even 
if they happen to pass the ringmg rest. Such steel can 
only be restored to a finely crystalline state by heating 
it to a temperature at which the free cementite cel] 
walls go into solution. When the steel contains as much 
as 1} per cent. carbon, the temperature required will 
exceed 900 deg. C. If e for a long time—say 
2 hours or 3 hours—at that tem ture, the outer 

ions of the bar which by punted Gtatsbaniondion are 
lower in carbon, became seriously overheated, and one 
is faced with a fractured bar fairly fine in the mass, but 
surrounded by a coarsely cry! envelope, which is 
sharply divided from the interior portions. 

It is important that during annealing the file blanks 
should lose their shape as little as possible, not only 
because the subsequent straightening is unproductive 
labour, but because the blow of the hammer distorts 
and hardens the material in patches. Very severe 
blows may cause the pm struck to glaze in grinding 
or to damage the chisel in the cutting operation. These 
troubles are rarely ascribed to the straightening opera- 
tion ; less rarely, in fact, than they should be when one 
remembers that the straightener in some factories is 











instructed to leave the mark of the hammer face or edge 
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Fig. 9 —Microstructure of overheated steel. 
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in the blank, so that the grinder must perforce ‘‘ bottom ” 
the scale. 

To wilfully make a more or less deep impression in the 
surface of the file blank in order to check the thorough- 
ness of the grinding is but to replace one possible dis- 
advantage by another. It is easy without the depression 
to see when the scale has been properly ground off. 
What the depression implies is that the grinder shall 
remove a measurable Tichaess of me below the 
scaled surface in order that any carbonless surface 
envelope, as illustrated by Fig. 1, shall be removed. It 
is only on very rare and unavoidable occasions that the 
carbonless envelope would not be removed by the 

inder without any precautions being taken. If, 

owever, precautions are necessary, something less 
a than the mark of the hammer face should 


If the surface of the blank is appreciably decarburised 
the entire surface of the impression left by the hammer 
is decarburised too, and if the impression is not 
“bottomed ” on that part at least the cutting edge of 
the file teeth will be soft. A brief glance at Fig. 10 
which represents on a magnified scale a section through 
a hammer mark, will make this matter clear. In Fig. 
11 we have a photomicrograph taken through a dinted 
file blank after the carbonless envelope had been removed 
from every part save that which had b been heavily struck 
by the straightening hammer. All soft spots in finished 

es are not due to the above causes, but many of them 
are directly due to the means taken to avoid them. _ 

Grinding.—Before grinding-stones were discovered, in 
the days when the first bronze and iron files were made, 
the surface which was to receive the “furrows” or 
“notches”’ to form cutting ed, must have been 
prepared 7 means of a hammer. is would entail very 
skilful and laborious work. Per after hammering 

were rubbed with stones, which proceeding would 
to the making of grindstones to be turned by hand. 
ag ——— with the advent of the a and later 

e am engine, gave way to power-driven stones. 
Not until the middle of the last century did machine 
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grinding in to make its way, and now the bulk of 
grinding is done by machinery. The objects of grinding 
are to remove all scale and to give a flat, smooth surface 
to the file, so that the next operation of cutting can be 
executed properly. 

If file blanks have hard patches, they have been 
“ glazed’ by the grinder; if they have soft places, he 
has not “bottomed” the scale. These are almost 
articles of faith in many factories. Indeed, these state- 
ments have been so firmly believed that grinders have 
actually been dismissed because they were held respon- 
sible for “‘ soft files.”” In this respect the grinder has been 
most unfairly treated, and affords an instance, of which 
many might be quoted, of the lack of proper study and 
investigation of problems affecting the making of files, 
which has been, and still is, characteristic of file manu- 
facturers. * 

In the majority of cases soft spots, as we have seen, 
are due to the absurd precautions taken to avoid them. 
The forged blanks may be seriously decarburised below 
the bottom of the scale, but no one can tell whether 
they are or not except by making a microsection, and 
in any case the grinder is in no way to blame. A grinder 
has done his duty when he has delivered his work free 
from “blacks” and level on the surfaces. Either 
the rolling-mill or the forger is to blame—generally 
the former. If it is imperative that the grinder should 
remove a certain thickness of metal from each side of 
the blank, the most certain way to ensure this is to cut 
a mark to the required depth and insist on that mark 
being ground out. In some cases this has been done 
by means of a small pointed hammer similar to a pick. 
It is, however, not usually nec to do more than 
remove the scale completely. If after this soft files 
occur, the remedy obviously does not lie in worrying 
the grinder. 

The grinder is also not necessarily responsible for 
hard patch For glazing pure and simple he is usually 
to blame, but in this t the hand-grinder does not 
err. If the corner of a softened file blank be pressed 
heavily on to a revolving emery-wheel it can be quickl 
raised to incandescence. On — withdrawn the A 
hot corner cools instantly, and will be found on trial to 
have hardened considerably. In this way, on a grinding 
machine the gritstone can be brought so fiercely on to 
the blanks that they are locally and momentarily made 
red-hot. The sudden cooling which follows causes 
the heated patches to harden, and lay up a store of trouble 
for the file-cutter. In a milder way, when a machine 
grinder is working with insufficient water and an ex- 
cessive amount of pressure, the whole file blank may 
become hard. Not infrequently file-cutters complain 
that the grinder has ‘“‘case-hardened”’ the blanks. 
This is a colloquialism to indicate glazing (the effect 
described). The softer the blanks, the less ily 
does the glazing oceur; with blanks made from very 
mild steel its occurrence, for obvious reasons, is practically 
unknown. 

There are four serious defects in grinding which exer- 
cise a deleterious influence in the cutting process. These 
are : 

1. The surface of the blank may be ground slightly 
concave. 

2. It may be ground slightly convex. 

3. There may be a wavy appearance giving a series 
of depressions. 

4. The surfaces may be covered with scratches due 
to & coarse gritstone. 

lf the first and second faults are not regarded as 
very serious, the cutter will endeavour, so far as ‘* bastard ’”’ 
and rougher cuts are concerned, to meet the difficulty 
in the grinding of his chisel. But the remedy is not 
entirely successful, as the finished file does not possess 
& perfectly uniform surface. In the one case the file 
will not cut at the edges on the flat sides until the middle 
portion is worn down; in the other case the edges 
must be worn down before the teeth in the middle can 
come into operation. The only remedy with such 
files is re-grinding. This applies also to the third 
defect. The wavy appearance is due to the stone in the 
machine having worn very small and “dancing” on 
the file blanks. The same defect is seen, too, on files 
which have had the “ over-cut” smoothed down by 
unequal pressure on an emery-wheel. In the finished 
file the defect can be plainly seen, and such files ought 
to be rejected as ‘‘ wasters.”’ 

_ The fourth defect is a difficult one to deal with. It 
is caused not only in grinding, but in “stripping.” 
The finish on a file blank is of importance, and it is 
the aim of the grinder to produce as smooth a surface 
a8 possible. Unfortunately, gritstones vary so much 
that, no matter how capetel grinder may be, he cannot 
avoid deep scratches on the blanks. Some stones are 
soft and fine-grained ; others are hard and coarse, 
or to use a grinder’s expression, they are “‘ full of pebbles” 
and have no “muck” in them. These latter are respon- 
sible for the worst examples of scoring. When the 
hacker blades in the grinding machine are brought 
in contact with the face of the stone to level it, the 
coarse silica grains acquire sharp cutting points which 
dig into the blanks during the process of the operation 
and produce scratches. "te such blanks are cut single 
without further work of smoothing, a series of serrations 
will be found on the edges of the teeth. These serra- 
tions can be well seen on the top edge in the magnified 
Photograph of a single cut file in Fig. 12. If it is re- 
meinbered that these serrations occur in material which 
has been brought by sudden distortion to a cutting 
edge, it is easy to realise not only that the cutting edge 
becomes thereby less effective and durable, but that 
they may, as they actually do, serve as starting-points 








* Since writing the above a “ File Trade Technical 


others, of investigating such matters. 





Society” has been founded, with the object, — 


for small hardening cracks, which run transversely to 
the root of the tooth. It is customary, however, to 
strip practically all files that are to be single cut, and 
smooth double cut. This may be done either by means 
of a file or emery-wheel. This process, although it 
removes the grinding scratches, may replace them by 
others almost as objectionable. These remarks apply 
with even greater force to double cut files, except thes 
the serrations are caused in filing the overcut as well 
as in the grinding operation. This is more fully dealt 
with under “ Cutting.” 

In order to reduce the defects mentioned to a mini- 
mum, if they cannot be removed entirely, a different 
method of, and different materials for, i ding are 
required. Perfectly flat and smooth b uniform 
in size, are required as a preliminary condition to per- 
fection in cutting. 

There is also another and ve important reason why 
& new method of grinding should be invented—a human 
reason. This branch of the trade is unhealthier, dirtier, 
more laborious and more d us than any other, 
and those who work at it know they cannot look forward 





Fig. 10,—Section tarvugh bammer mark. 





Fig 11.—Demar ation of free cementite. 





Fig. 12.—Showing serrations on edge of teeth, 


to a healthy vigorous old age.* The attention of en™ 
gineers might be directed with useful and profitable 
results towards the invention of a grinding machine, 
or the adaptation of some existing gg in which 
an artificial wheel with a good supply of water could 
be used for the grinding of all files, large and small. 
The genius of the engineer has overcome much more 
difficult problems, and there is good reason to hope 
that this particular one will not long await solution once 
the requisite attention is bestowed upon it. Somethi 
has already been accomplished in this way for roun 
files. The Stead process grinds round b auto- 
matically from the solid up to } in. diameter. Those 
% in. and above are first drawn taper under the hammer 
and then ground. The machine is a very greatly im- 
proved design on the gramophone needle grindi 
apparatus and produces uniform blanks perfectly round. 

© process is simple and very expeditious; of 4-in. 
sound files as many as 8,000 have been ground in three 
hours. The same arrangement may be developed 
to grind half-round files, with the certainty of producing 
files that have a perfectly rounded back. 


(To be continued.) 





AMERICAN TIN PLATE In Japan.—The largest single 

urchaser of American tin plate in March last, says 

he Iron Age, was Japan, which received 16,260,539 lb., 
valued at 1,653,300 dols., out of a total export in that 
month of 55,505,977 lb., worth 4,997,846 dols. 


. The average life of . grinder is about forty years. : 





THE ATLANTIC FLIGHT. 
To THe Eprror or ENGINEERING. 

S1z,—In Sir G. Greenhill’s article on the above subject, 
published in your issue of May 30, he appears to under- 
estimate the length of flight under constant speed 
conditions. 

Thus, he shows that under these conditions we have : 

adP_ p j(W_- F(R) +B (5y} 


dz 330 \ A K 12 





or 





d= AE) dP 
(W 


~p \R Pye + AB a) 
2 + (i 


Integrating this, we obtain : 
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where P is now the initial weight of petrol. 
This is a maximum when : 


in which case : at » 
ee, Ye ek 
Pp B JW (WwW — P) 
Thus, using the notation of the article and writing # 
for the constant speed flight and # for the constant 
altitude flight, we get for : 


W =2P, @ = 0.981 instead of 0.93 
x 


W =3P, ™ = 0,904 instead of 0.97 
xz 


These ratios must still be less than unity, but we have 
an important set-off against this in the reduced maximum 
value of the horse-power, and therefore of the engine 
weight in the case of the constant speed flight. 

In the case of the constant attitude flight : 


T (at start) = 2W ale 
A 





and 
TK 4 (K\e__W 
H.P. (at start = a3 with (75) — JaB 


= 4 wi at st 
55 


and in the constant speed flight with 


(By - ,/WiW—P) 
12 ) =e AB 
2 
ELP. (at start) = =; A? Bt wi cw - pt 2 w - P) 
Hence : 
H.P. (speed constant) 7 2W -P 
ECP. (attitude constant) 9 wi (w — pt 

If we put : 

W = 2P this ratio becomes 0-894, 
W = 3P this ratio becomes 0-922. 

The question may therefore be stated, for the case 
of W = 3 P, in the form of whether an increase of petrol 
equal to 7-8 per cent. of the engine weight will be 
sufficient to increase the length of flight by more than 
0-6 per cent. I should imagine it would, though I have 
no data available to test the question definitely. In 
this case the constant speed flight would be slightly the 
greater. 





Yours faithfully, 
Cc. E. Wourr. 
2, Devonshire-street, Ardwick, Manchester, 
June 7, 1919. 


To Tae Eprror or ENGINEERING. 

Sir,—In your issue of May 30 you publish another 
article by Sir G. Greenhill on long-distance flying by 
aeroplane. His treatment of the subject shows that he 
admits the truth of my former criticisms, and yet he is 
hardly fair to me when he states that certain results are 
** something like Mr. Glauert’s figures.”’ 

You will notice that with P = 4 W his data are only 
accurate enough to justify his giving 1-2, but when 
P = 3 W he can give a third figure. Now 3 loge 1:5 = 
3 x 0-40547 = 1-21641, and therefore, if he can give 
1-38 for 2 loge 2 (surely 1-39 is better) he ought to have 

iven 1-22 and admitted I was more in agreement with 
his figure than ‘‘ something like.” 

He states that all his physical assumptions are con- 


tained in the statement that with a lift of A( Sythe 
n 


drag or drift is WM. This implies that for a given weight, 
n 


wing area and the drag is independent of the wing 
section, which is entirely contrary to experience. His 
subsequent work on his erroneous assumption is now 
more creditable, but in order to obtain results at all in 
accordance with modern experience, for all tractors it is 
important to remember that neither A, B nor P, can be 
taken as constant. _ 

It is a pity that the former correction factor was 
originally mentioned without any indication of how the 
author arrived at it ; the explanation is surely approach- 
ing an insult to the intelligence of the readers. A 
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correction worked out for a variable » with no head 
resistance is to be applied to a result obtained with 
constant n and a known head resistance. 
Yours faithfully, 
. GLAUERT. 
9, Waverley-road, Norwich, June 6, 1919. 


To THe Eprror or ENGINEERING. ‘ 

Srr;—I have read with some interest Sir G. Greenhill’s 
paper on the Atlantic flight. I do not feel myself in a 
position to criticise the statements made therein from 
an aerodynamical point of view, as I have not the 
hecessary theoretical knowledge of that subject; but 
the few statements he makes on engine performance 
show a lack of information of present-day figures, which 
I can dnly hope is not contained in the other part of the 
article. Mis-statements of any sort impair general 
confidence, and in this case cast doubt on the accuracy of 
the whole paper. a. 

What does Sir G. Greenhill mean by “‘ gross indicated 
horse-power, determined by trial with a break dyna- 
mometer” ? I have had several years’ experience of 
testing engines of all kinds, but have yet to find the 
“break dynamometer” (generally spelt brake) which 
will determine the indicated horse-power cf an_ engine. 
Also in aero-engine nomenclature, the engine is rated 
by the actual horse-power developed on the brake at the 
rated speed. Thrust horse-power which brings in the 
calculated efficiency of the propeller is never used in 
rating engines, and judging from the varying per- 
formances on the same machine and engine which can be 
obtained by using different propellers, would be quite 
useless for that purpose. 

Coming to engine performance: The remark is made 
that “ It is prudent to reckon an allowance of 
more like a pint or 1 lb., or even } kg.-h.p.-hour, lubrica- 
tion included ” ; this brings me back to the days of the 
old 50-h.p. Gnome engines or the 10-cylinder air-cooled 
Anzani, whose combined consumptions are both in the 
neighbourhood of 0-800 lb.-h.p.-hour, and even the most 
ignorant of us would not propose to cross the Atlantic 
with such an engine. 


In a modern engine the combined consumption at | P 


cruising speed should not be above 0-56 lb.-h.p.-hour ; so 
that in using 1-25 lb.-h.p.-hour combined consumption 
for a modern engine, Sir George Greenhill is rather more 
than 100 per cent. too great in his petrol and oil require- 
ments. The Handley-Page machine would thus, if the 
correct fizres were used, be able to carry sufficient fuel 
and oil for at least 2,200 miles, which should give a 
sufficient margin for the shortest land to land distance 
across the Atlantic. 
Yours truly, 
J. Barye Swan (Captain,R.A.F.). 
Pen Corner House, Kingsway, London, W.C. 2. 





THE ELECTRIC FURNACE PROBLEM. 
To tHe Eprror or ENGINEERING. 

Sir,—I should like to amplif are valuable leading 
article on the present position of electric furnace practice 
as outlined by the opinion expressed at the recent joint 
meeting of the Iron and Steel Institute and the In- 
stitution of Electrical Engineers, as the whole question 
is far more interesting than the di ion at that ting 
would suggest. 

The achievements of the process during the war more 
than justify all the expenditure on furnace plant even if 
it has no further use, but this happily is not the case. 
The greater part of motor car, aviation, heavy bullet 
proof plate and armour piercing steel has been made in 
electric steel furnaces, and could not have been manu- 
factured without electrically melted alloys, while the 
direct melting of turnings has saved the importation of 
a large tonnage of hematite and Swedish iron and steel. 

Turning to — conditions, Sweden is already smart- 
ing under the loss of the greater part of her export trade 
in special iron and steel, as British waste products 
can now be refined to replace imported material. Stain- 
less steel, another product of the electric furnace, has 
created a new speciality of extraordinary value to the 
Sheffield cutlery trade, and its application by engineers 
is rapidly widening. Both this material, and the 
transformer iron, which has increased the efficiency of 
transformers and juently ised an enormous 
tonnage of coal, have been rendered possible only by the 
advances in alloy manufacture in electric furnaces. 

There can be little doubt that any impression that 
electric furnaces have little chance in the future is the 
result of ignorance. Many electric furnaces erected 
specifically for war purposes will be eee and badly 
designed and operated installations will rightly disappear. 

The publication by Mr. Mercer of a large number of 
figures taken from returns given by manufacturers to 
the Ministry of Munitions, require very careful analysis 
and comment for proper interpretation, and it is to be 
regretted that further explanation was not given. The 
performance of a furnace depends entirely on the quality 
of steel made and hence no comparison is justi with- 
out a full statement of the raw materials used and 
quality of the steel made, together with a studied com- 
ment on the local circumstances. 

Although war installations may be ep @ muc 
wider application of the electric furnace will now begin. 
The future of French steelmaking, in many cases, will be 
a combination of the basic-bessemer electric process and 
the phosphates in the ore will be a valuable by-product, 
while the resulting steel better than the best basic open- 
hearth material. In this country, miscellaneous country 
scrap mixed with the turnings which will re-appear in 
reasonable quantities when the engineering industry 
again gets into its stride, will furnish raw material for 
small foundries and a part of the Sheffield trade, while 
the refining of molten basic steel will again require care- 
ful consideration and is likely to find wide applicatio, 











in conjunction with the large tilting basic furnaces work- 
ing the Talbot process on the north-east coast or else- 
where. 

The possibility of recovering more phosphate fer- 
tilisers by enriching our Lincolnshire and Northampton- 
shire ores with phosphoric limestone in the blast furnace, 
and a wider application of the basic-bessemer-electric 
process is not without interest. 

Electrical engineers will not be able to afford to neglect 

tential users of large quantities of power, and the 
fact that one single company was consuming power at 
the rate of over 80,000,000 units per annum before the 
Armistice should be of interest to electric supply com- 
panies. Rational legislation and good engineering should 
do much to improve the conditions of electric supply by 
suppressing the costly municipal jealousies that have 
done much to prevent the parallel working and linkin; 
up of power stations throughout natural industri 


ial readjust t ne to build some 
lai power stations, where the demand is available, 
and the writing down of the capital value of old and in- 
efficient power stations, so that they can be economically 
used for stand-by and peak load service only, will do 
much to reduce the cost of power, and enlarge the field 
for the use of electric furnaces to a greater extent than 
the pessimists anticipate. 


areas. 
The fi 





Donatp F. CAMPBELL. 
17, Victoria Street, London, June 11, 1919. 





THE STILL ENGINE. 
To THe Epiror oF ENGINEERING. 

Srr,—The letter dated June 2, from Mr. Charles Kay, 
in your last issue, on the above engine, is truly British 
in thought. Because Mr. Kay (or his grandfather) did 
something in time past, therefore nothing better can be 
done? Although there may be nothing new under the 
sun, yet science properly applied enables progress to 
be made in the results obtained. Mr. Kay should 
remember that at the time he built the engines he 
mentioned flying was unknown, to-day it is common- 
lace. If Mr. Kay really obtained the figures he states 
in such a crude manner, it is a great pity he did not push 
his investigations further, for then he might have been 
able to give to the world some fifteen ee ago the 
enormous benefits which appear to be likely from the 
researches of Still. 

According to the figures given by Mr. Kay 30 per cent. 
brake thermal efficiency can be obtained from a petrol 
engine. The figure in the year Mr. Kay refers to was 
much more nearly 20 per cent., and even now 27 per 
cent. is about the top figure obtainable. He further 
mentions 6 per cent. as being the gain theoretically 
possible. On what theory does he base his calculations ? 

It is quite evident that he disregards the increase in 
efficiency of the combustion cycle produced by the 
constant temperature conditions of the cylinder in the 
Still system, and also the increase in the steam.efficiency 
by using it in a cylinder hotter than itself, which enables 
it to be expanded right out without condensation. 
It should be pointed out also that the heat lost to the 
jacket in a Still engine is all converted into steam, less 
a —_ small amount due to radiation, and that it may, 
therefore, be considered as a boiler with 100 per cent. 
age 

Actual tests of a 5-in. by 5-in. single cylinder four- 
stroke petrol engine on the Still cycle has produced 
the heat balance as given below :— 

Per Cent. 
Heat appearing as combustion indi- 
cated horse-pawer ... ope eee 
Heat appearing as combustion brake 
horse-power ... par eee one 
Heat appearing as friction 
Heat passed to jackets... 
Heat passed to exhaust 


32-0 
25-0 

7:0 
28-0 
40-0 


0 


Total heat of fuel supplied 


Mechanical efficiency ... 
Heat finally lost to stack ove 
Heat finally lost as radiation ... 
Total heat passed to boiler 
Boiler efficiency... ae ail 
Heat to jacket and exhaust steam ... 
Heat appearing as steam indicated 
horse-power ... ove eve 
Efficiency of steam engine alone ioe 
Efficiency of steam engine and boiler 
combined eos one ove ves 
Total brake efficiency of the engine ... 
Percentage of gain due to steam 
Some explanation may be-useful with regard to the 
very high boiler efficiency, this is brought about by the 
28 per cent. of heat passing to the jacket being employed 
in a boiler of approximately 100 per cent. efficiency, as 
stated above, the remaining 40 per cent. of heat passing 
is therefore used in a boiler of 75 per cent. efficiency. 
Yours faithfully, 
F. Letien MARTINEAU. 
15, Avonmore-road, London, W. 14, June 7, 1919. 
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To tHe Eprror oF ENGINEERING. 

Sir,—As your correspondent, Mr. C. W. Kay, points 
out, many attempts have been made to improve the 
performance of the engine (either of the steam or internal 
combustion type) by using the waste heat of the first 
or main cycle to provide eneigy for some form of 
secondary cycle, but none, so far as I am aware has yet 
reached the stage of practical success. Some fifteen or 
twenty years ago, extensive experiments with the steam 
engine as the first prime mover were carried out at 
Charlottenburg and the results fully described in your 
columns at the time. 





Surely the most promising way of utilising the energy 
now going to waste in cooling water and waste gases is 
by using it as heat and not by transforming it into some 
other form of energy. A very large proportion of the coal 
burnt in this country is consumed not for the production 
of power but of heat, and much of this heat is required 
at comparatively low temperatures only. Ordinary 
domestic heating is an example and so is a great deal 
of laundry work. When I served my time, we were in 
the habit about a quarter of an hour or so before leaving 
off time of clambering up behind the gas engine tank 
and filling a bucket from it with hot water for washing 
up purposes. When I first had a gas engine under my 
own control, I carried a pipe from the top of the tank and 
made it supply such taps as seemed advisable, so that not 
only was a certain amount of heat made use of, but 
time was saved. Now in my works exhaust from all 
engines and apparatus using high-pressure steam passes 
into a secondary system kept at a pressure of about 
1 lb. above atmosphere from which heat is provided for 
warming the shops in winter, and for a thousand and one 
— at all times. Condense from the low-pressure 

eating apparatus, drawn back by a vacuum pump 
producing 12 in. to 15 in. of vacuum, passes through a 
ealorifier on its way to the feed water tank, which it 
reaches at a temperature of 160 deg. orso. The calorifier 
relieves it of its latent heat and oe such parts of 
the works as need it with a complete hot water system. 

When I have suggested to central station engineers 
that they should grow their own tomatoes on the roof 
they simply smile, but it is unquestionable that many 
thousands of tons of coke and other fuel are consumed 
annually by growers of tomatoes, cucumbers, grapes and 
early potatoes of all descriptions, all of which could be 
saved if the heat now going to waste in hundreds of cool- 
ing towers throughout the country were employed in- 
stead. Little plant would be required beyond a few 
centrifugal pumps. I commend the suggestion more to 
those in charge of large power stations and perhaps now 
that coal, land and tomatoes are all dearer, some use may 
be made of it. 

Yours truly, 
. G. Marureson. 

** Overdale,’’ Woodford Green, Essex, June 9, 1919. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Work was not generally resumed till 
to-day, the interval having been devoted to holiday 
making. In some manufacturing quarters complaint is 
made that the recent frequency of holiday stoppages 
is likely to have a serious effect on commercial recon- 
struction. On the whole, however, the pressure of 
business is not such that the position will be materially 
influenced either one way or the other. The contrast 
in conditions tends to widen. While the rolling miills, 
forges and foundries are normally active, the weakness 
of the market in high-speed steel is rather more pro- 
nounced, and electric steel scarcely commands sufficient 
business to keep furnaces employed three days a week. 
The position obtaining in regard to steel melters is 
curiously anomalous. While consumers complain of the 
scarcity of the local supply of basic material, and 
apparently are aay. forced to take advantage of the 
lower-priced offers of foreign manufacturers, many steel 
melters are on the unemployment list. The only 
explanation appears to be that unions and employers’ 
organisations are not so closely in touch with one another 
as they might be with mutual advantage, and conse- 
quently, that employers are working short-handed when 
labour is within easy reach. In other branches of the 
heavy trades, business is improving and prospects are 
oon. This particularly anes to railway material, 
certain classes of farming implements and tools. Con- 
tinental buyers are coming forward much more readily 
despite import restrictions ; trade with the Far Eastern 
markets shows welcome signs of expansion; while 
the Colonial cali for steel and tools, judging from the 
most recent bookings, is much stronger. The run on 
shipbuilding steel and engineers’ tools is fully sustained. 
Contracts have been renewed for tramway steel, though 
the prices demanded by makers of special quality material 
appear to have staggered certain provincial corporations, 
and caused them to pause in the pursuances of recon- 
struction policies. Saws, wire, and carbon steel drills, 
are all in heavy demand, but business in ordinary twist 
drills is unusually quiet, and order books do not show 
promise of improvement. Prosperity in the file-making 
trade is general. Makers are booked up for several 
months ahead, and inquiries indicate a healthy future. 
Iron prices are firmly held with the prospect of an early 
revision. Makers adopt a cautious policy with regard 
to contract business, insisting on the stipulation that the 
consumer shall pay the price current at the time of 
delivery. 


South Yorkshire Coal Trade.—Business on the open 
market is at a standstill, except for small lots of manu- 
facturing fuels, which are readily disposed of at maximum 
rates. roadly speaking, current requirements are so 
large as compared with the reduced output at collieries, 
that contractors take practically the whole of the 
tonnage available. There are plenty of inquiries from 
neutral buyers, but the expansion in actual trade is very 

ual owing to the cautious supervision of exports. 
tocks at works are again at pre-war level. Inland 
concerns are taking big quantities of gas fuels. Slacks 
are a shade easier, and coke is commanding less attention, 
but there is no sign of reduction in rates. House coal 
merchants are busy furnishing stocks for the coming 
winter, current requirements being small and reserves 
at depots fairly large. Quotations: Best branch hand- 
icked, 27s. to 28s.; Barnsley best Silkstone, 27s. to 
7s. 6d.; Derbyshire best brights, 25s. to 26s.; Derby- 
shire house coal, 22s. 6d. to 23s. 6d.; best large nuts 
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22s, 6d. to 238. 6d.; small nuts, 21s. 6d. to 22s. 6d. ; York- 
shire hards, 22s. 6d. to 23s. 6d.; Derbyshire hards, 
21s. 9d. to 22s. 9d. ; best slacks, 18s. to 19s. 6d. ; seconds, 
16s. to 188. 9d. ; smalls, 13s. to 14s. 





NOTES FROM THE NORTH. 
Griascow, Wednesday. 

Scotch Steel Trade.—In the Scotch steel trade there 
has been no falling-off in the demand for plates, and 
indeed the makers are barely able to meet the immediate 
requirements of consumers as the pressure is at times 
so great. In addition to the home demand there are a 
fair number of inquiries for export lots, but no great 
amount of business is going through in that direction 
on account of the difficulty of keeping up deliveries to the 
local buyers. . The demand for steel sheets continues very 
satisfactory, but partly owing to the present high price 
there is not @ great deal doing in the galvanised variety. 
Sectional material is also rather —_ just now. The 
general export trade is not yet of any great moment, 
and although quite a number of inquiries have recently 
reached this market conditions prevailing at present 
have been all against this branch of the trade approaching 
anything like its pre-war state. Despite the fact that 
other districts may be securing the bulk of this class of 
business just now, there is a certain amount of quiet 
confidence here that at no distant date our export trade 
will begin to assume considerable proportions. Prices 
all round continue very firm and some statement as to 
future rates may soon be expected from the associated 
makers. With raw material so dear, and wages getting 
higher, there would seem to be little mgd of the price 
of manufactured steel easing off yet awhile. 


Malleable Iron Trade.—Activity is general in the 
works of the malleable iron makers in the West of 
Scotland, and orders are plentiful. Mills are being a 
rolling steadily and a satisfactory output is the result, 
most of which is being consumed in the home market. 


Scotch Pig-Iron Trade.—The position of things in the 
Scotch pig-iron industry has shown no change during 
the past week, and there is a great scarcity of most 
qualities. Every endeavour is being tried by makers 
to secure as large an output as possible, and with the 
demand in excess of the supply they are endeavouring 
to keep everybody going by distributing their make to 
the best possible advantage. Foundry iron of certain 
grades is not obtainable at present. There is great 
pressure for deliveries of hematite, and steel makers are 
still unable to secure sufficient for their requirements. 
Prices all round are very firm and have even an upward 
tendency, but it cannot be forgotten that producers have 
very heavy oncost charges to face. The export trade is 
almost at a standstill on account of the exceedingly 
heavy home demand, and during the week ending 
Saturday, 7th inst., the total shipped at Glasgow Harbour 
was only 153 tons, none of which went foreign—all 
coastwise. For the corresponding week of last year the 
export was 359 tons, of which 355 tons went foreign and 
only 4 tons coastwise. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Local Markets.—Conditions on the coal market 
have been difficult of late. While there is a heavy 
demand for coals, transport and dock facilities are not 
sufficient to keep pace with outputs, despite reduced 
production on account of holiday-making amongst the 
miners, and actual business has been hard to bring to 
completion. Many collieries, though fully stemmed as 
regards orders, have been obliged to effect be ee | 
stoppages because of a lack of empty trucks, and buyers 
in a position to take immediate delivery have been able 
to obtain odd parcels on the basis of the minimum 
schedules. Few buyers have, however, been able 
to take advantage of the opportunity. As the miners’ 
holidays extended over Monday, Tuesday and to-day, 
outputs this weék are expected to be considerably below 
requirements and for loading this or next week prices 
are very firm, with the demand active especially for 
France and Italy. Already the licences granted for 
shipment to France during the quarter ending June 30 
exceed allocations, and the Local Committee has been 
instructed not to recommend any further applications. 
For export to Allies salesmen indicate anything from 
10s. to 158. in excess of the minimum schedule, which 
makes second-class Cardiff best large steams round 
48s. 6d., large drys 478., small steams, according to 
quality, 35s. to 40e., washed nuts 47s. and No. 2 Rhondda 
throughs 40s. There is also a inquiry for business 
over the year, but sellers are reluctant to commit them- 
selves and generally indicated 10s. above the scale, 
and though business has been done here and there on this 
basis transactions on the whole have been inactive. 
There is a good demand for Spain, but available supplies 
are very scarce because of the difficulty in getting coals 
released, and salesmen indicate from 7s. 6d. to 10s. 
above the old B schedule, and prices ranged from 55s. 
for second quality Cardiff large steams, 50s. large drys, 
40s. for smalls, according to quality, 50s. washed nuts, 
and 45s. for No. 2 Rhondda throughs. For other 
destinations, to which the hi tt schedule applies, 
business is very restricted, though small parcels have been 
sold to Greece on the basis of 72s. 6d. for second 1 
Cardiff steams, 71s. ordinaries, 41s. 6d. to 45s. for smal 
according to quality, 70s. washed nuts, and 54s. 3d. for 
No. 2 Rhondda throughs. 

Bunkers.—There was @ good demand for bunkers 
and for spot loading the minimum schedule, which is 
equivalent to the A scale, a plied, but for loading this 
week salesmen demand from 10s. to sey oy for allied 


boats, and from 15s. to 20s. above the e for neutral 
steamers. 





NOTICES OF MEETINGS. 


Tue Royat MeTeoro.Locicat Soctety.—Wednesday, 
June 18, at 5 p.m., at 70, Victoria-street, Westminster. 
Papers to be read: (1) “‘ Note on the Rainfall at 
Southampton and London during a period of fifty-seven 
a (1862-1918) with Special Reference to the Monthly 

eans,” by Colonel Sir Charles Close, K.B.E., R.E., C.B., 
F.R.S. (presents a direct deduction from the mean 
monthly values of a long series of observations) ; 
(2) “‘Note on Tornadoes,” by Lieutenant J. Logie, 
R.A.F., F.R.Met.Soc.; (3) “‘A Periodogram Analysis 
of the Greenwich Temperature Records,”’ by Captain D. 
Brunt, R.E., F.R.Met.Soc. ; (4) “‘ On the Propagation of 
Sound in the Atmosphere,” by Lieutenant G. Green, R.E. 





Tae IncorPoratep Municipat ELEctricaL Asso- 
CIATION.—Twenty-fourth Annual Convention, at Felix- 
stowe, on June 18 (visit to Ipswich), 19 and 20. Wednes- 
day, June 18, at the Public Hall, Ipswich, 10 a.m. : 
(1) The Mayor of Ipswich, Mr. E. C. Ransome, J.P., 
chairman of the Ipswich Electric Supply and Tramways 
Committee, will extend a welcome to the association ; 
(2) Presidential Address, Mr. F. Ayton, ineer and 
manager, Corporation Electric Supply and Tramways 
Departments, Ipswich; (3) paper on “The Whitley 
Report—the Application of its R dati to the 
Electric Supply Industry,” by Alderman W. Walker, 
Manchester. Afternoon visits to works and social 
functions. 4.30 p.m.: The Members and the ladies 
accompanying them will be the guests of the Mayor at 
afternoon tea. Thursday, June 19, 10 a.m.: Meeting 
in the Spa Pavilion, Felixstowe. (1) Discussion on 
“Electric Transmission Considerations,” to be opened 
by Mr. 8. L. Pearce, chief electrical engineer, Manchester ; 
(2) paper on “The Rating of Electric Supply Under- 
takings,’ by Bailie W. B. Smith, Glasgow. 2.30 p.m. : 
By kind permission of the Admiralty and Rear-Admiral 
Thorpe, Senior Naval Officer, Harwich, Members will 
embark at Felixstowe Dock in naval motor launches 
for a cruise of inspection of the war vessels lying in the 
harbour, and thence up the Stour Estuary to view the 
German submarines and the German submarine lifting 
(salving) ship. Evening, 7.15 p.m. for 7.30 p.m.: 
Annual Dinner, at which ladies may be present (evening 
dress). Friday, June 20, 9.15 a.m.: Council Meetin, 
in @ room at the Felix Hotel. 10.0a.m.: Annual Gener 
Meeting in the Spa Pavilion. 2.45 — By kind 
permission of the Air Ministry and Colonel Chambers, 
0.C. the station, a visit will be paid to the Felixstowe 
Air (Sea-plane) Station, workshops, &c. 


Tae Iwnstirution or Mininc Enciveers.—The 
seventy-first General Meeting will be held in the Rooms 
of the Geological Society, Burlington House, Piccadilly, 
London, W. 1, on Thursday, June 19, at lla.m. Two 
Institution Medals will be presented for the year 1918-19, 
to Dr. Auguste Rateau (French) and M. Victor Watteyne 
(Belgian), respectively. The following papers will be 
read, or taken as read : (1) “‘ The Difficulties and Dangers 
of Mine-Rescue Work on the Western Front; and 
Mining Operations carried out by Men wearing Rescue 
a by Lieutenant-Colonel D. Dale Logan, 
D.8.0., M.D., D.P.H.; (2) “‘ Accidents due to Structural 
Defects of Apparatus or Injury to Apparatus; and the 
Future of the Proto Apparatus,” by Lieutenant-Colonel 
D. Dale Logan, D.S.0., M.D., D.P.H.; (3) “‘ The 
Examination of Coal in Relation to Coal-Washing,” by 
Mr. M. Wynter Blyth, B.A. (Cantab.), F.1.C., and Mr. 
L. T. O’Shea, M.Se., F.1.C.; (4) Professor F. W. Hard- 
wick, M.A., will read his reply to the discussion on his 
paper on “The Training of Students in Coal-Mining, 
with Special Reference to the Scheme of the Engineering 
Training Organisation ’’ (Trans., Inst. M.E., 1918-19, 
vol. lvi, page 94)—the paper will also be open for dis- 
cussion; (5) ‘The Education of Collie anagers for 
Administrative and Social Responsibilities,” by Mr. 
William Maurice. The following papers, which have 
already appeared in the ‘Iransactions, will be open for 
discussion : (a) ‘‘ A Method of Determining the Magnetic 
Meridian as a Basis for Mining Surveys,” by Mr. T. Lind- 
say Galloway, vol. lvi, page 222; (b) “‘ Digest of the 
First Report of the Mine Rescue-Apparatus Research 





Committee,” by Mr. David Penman, vol. lvi, 236 ; 
(c) “‘The Chance Acetylene Safety-Lamp,’ Mr. 
William Maurice, vol. lvi, page 273; (d) “ mt 


Developments in the Coalfields South of Sydney,” by 
Dr. J. R. M. Robertson, vol. lvi, page 295. 7 p.m. for 
7.15 p.m.: Dinner at the Waldorf Hotel, Aldwych, 
W.C. 2. Friday, June 20, at 9.45 a.m. for 10 a.m.: 
Visit to the docks and warehouses of the Port of London 
Authority. 


Tue InsTITUTION OF MINING AND METALLURGY.— 
Thursday, June 19, at 5.30 p.m., at the Rooms of the 
Geological Society, Burlington House, Piccadilly, 
London. The following paper will be submitted for 
discussion: ‘‘The Genesis of Igneous Ore Deposits,” 
by W. H. Goodchild, Member. 


Tae InstTITUTION oF WATER ENGFNEERS.—Twenty- 
fourth Summer General Meeting, in London, on Friday 
and Saturday, June 20 and 21. Friday, June 20: The 
meeting will be held at the Apartments of the Geological 

i of London, Burlington House, W. (entrance in 


Societ; : 
Piccadilly), by kind permission of the President and 


Council of that Body, and the chair will be taken by the 
retiring President, . F. W. McCullough, M.Inst.C.E., 
J.P., at ll a.m.: (3) The retiring President will present 
the Premiums awarded by the Council to authors of 
papers read before the Institution during the year 1918, 
namely : (i) A President’s Premium, value 101., awarded 
to Mr. Carle Salter, Joint Director of the British Rainfall 
Organisation, for his paper entitled “‘The Relation of 
Rainfall to Configuration *’ ; (ii) An Institution Premium, 
value 5l., awarded to Mr. Samuel Hall, of Belfast, for his 


guild will be held at the Goldsmith’s Hall, on 





paper entitled ‘‘ Stream Flow and Percolation of Water ”’ ; 
(4) The retiring President will read his report on the work 
of the Institution during the period of his presidency 
(1915-19) ; (5) installation of Mr. Altred B. E, Blackburn, 
Assoc.M.Inst.C.E., B.Sc., F.G.8., as President for the 
ear 1919-20 ; (6) vote of thanks to Mr. F, W. McCullough 
or his services as “ War-Time President”; (7) Mr. 
Blackburn will read his Presidential Address ; (8) Read- 
ing and discussion of the following papers : (i) ‘‘ Studies 
in the ena | of Water,” by Me Denys R. Wood, 
F.1.C. (Sunderland) ; (ii) “ Investigations into the Flow 
of the River Dee,”’ by Mr. Cecil H. Roberts, M.Inst.C.E. ; 
(iii) “‘ Utilisation of Temporary Sources of Supply in 
Times of Emergency,” by Mr. Charles H. Priestley, 
M.Inst.C.E. Friday, June 20, 7 p.m. for 7.30 p.m. : 
The Twentieth Annual Dinner of the Institution will 
be held at the Charing Cross Hotel, Strand, W.C. 
Saturday, June 21: ‘his day will be devoted to a river 
trip, at which ladies will be specially welcome. A visit 
to the Southcote Waterworks has also been arranged 
(by kind permission of the Reading Corporation, through 
their water engineer, Mr. Leslie C. Walker, A.M.I.Mech.E.) 
to give members an opportunity of inspecting the 
chlorination and filtration plant erected in the year 1910. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLesBrover, Wednesday. 

The Cleveland Iron Trade.—The holidays have checked 
business. Little or nothing new of moment is ascertain- 
able concerning the Cleve’ pig-iron trade. Values 
are very firm, and both buyers and sellers are still open 
to do business to the end of September, but beyond 
that date makers are not disposed to it themselves. 
Contracts to the end of the year could no doubt be 
made if producers would sell so far ahead. Though 
the truck supply. still leaves much to be desired, a 
welcome improvement is reported, and with the some- 
what better facilities for distribution, deliveries promise 
to be heavier. Transactions are still largely confined 
to sales on home account, due largely to difficulty in 
obtaining licences, but also to disinclination of some 
producers to sell for shipment abroad whilst home 
demand eee Traders with customers on the 





Continent admit that limitation of the volume of export 
is reece but contend that a r proportion of the 
output could be reasonably allocated to the export branch 


without detriment to the interest of consumers at home. 

Efforts to buy on behalf of neutrals are still persistent. 

For home consumption, No. 3 Cleveland pig-iron and 

No. 4 foundry both stand at 160s., and some makers ask 

that price for No. 4 forge, but the last named is rather 
lentiful, and can be bought at 158s. ; whilst No. 1 is 164s. 
he export quotations are 5s. above the foregoing. 


Hematite.—Stringency in the East Coast hematite 
branch is unrelieved. ith the supply as scarce as ever, 
prices are very firm. There is no prompt iron to be had, 
and with cost of output still increasing, further advance 
in forward quotations would cause little surprise. Nos. 1, 
2 and 3 are 190s. and No. 1 is 192s. 6d. for home use, 
— = export the former are 195s. and the latter is 

8. 6d. 


Foreign Ore.—As was to be expected with stocks still 
dwindling and having in a good many cases ome 
rather low, and contracts running out, trade in foreign 
ore is expanding considerably. Greatest trouble appears 
to be in chartering steamers. It is no longer easy to fix 
books at 25s. Bilbao-Middlesbrough, and, indeed, 
sixpence to a shilling above that figure are stated to have 
been paid. With such rate of freight ruling, best rubio 
is 538. and upward c.i.f. Tees. 

Coke.—Considerable business in coke is reported, a 
very ample supply meeting a good demand. Values 
tend upward. edium blast-furnace kind is 39s. at the 
ovens, and quality low in phosphorus stands at 41s. 6d. 
at the ovens. 

Manufactured Iron and Steel.—Difficult 
out — owing to labour troubles has seriously 
affec output. For shipbuilding and constructional 
material there is continued 1 heavy demand on both home 
and export account, but some other descriptions are in 
only moderate request. Export trade in galvanised 
sheets is now my 25 per cent. of what it was prior to 
the war, due to the very high rates now ruling for that 
commodity. For export steel plates are 181. f.o.b., and 
galvani corrugated sheets, 271. f.o.b., and other 
principal export quotations are a little above the following 
which govern the home trade :—Common iron bars, 
201. 10s. ; marked bars, 231. ; steel ship, bridge and tank 
plates, 171. ; steel angles, 16/. 10s. ; steel joists, 161. 10s. ; 
steel hoops, 231, 5s. ; and heavy sections of steel rails, 151. 


in carrying 





Tue Roya Socrery Sornte—Correction.—We re- 
gret that the name of Mr. C. Mason was misspelt iv our 
description of an instructive ne experiment 
which was demonstrated at the Royal Society Soirée of 
last week (see ENGINEERING, May 30, 710). The 
mistake occurs in our notice of the exhibits of the Cam- 
bridge Scientific Instrument Company, with which Mr. 
Mason is connected. 








Britisn Science Guitp.—The annual meeting of the 
uesday, 
the l7thinst.,at4p.m. The report ot the year’s work of 
the guild will be submitted, and an address on ‘‘ Science 
and Labour ”’ will be given by the ident, the Right 
Hon. Lord Sydenham, G.C.8.1., &c., F.R.8. Addresses 
will also be given by Major-General the Right Hon. 
J. E. B. Seely, C.B., OM.G., D.8.0., M.P., Under- 
Secretary of State for Air; Sir Joseph J. Thomson, 
O.M., P.R.S.; Sir Robert Hadfield, Bart., F.R.8. 
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CARRON DRY DOCK AT GRANGEMOUTH. 


(For Description, see Page 762.) 
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THE AMENDMENT OF THE TRANSPORT 
BILL 


Tae Ways and Communications Bill, having 
been subjected to a searching examination, and to 
amendment in several important respects, by 
Standing Committee B, has been passed by that 
Committee, and will come before the House of 
Commons on the Report stage, immediately after 
the resumption of the Parliamentary Session on 
the 24th inst. We have no doubt that on the 
Report stage many of its provisions will be hotly 
contested ; already the Orders of the Day contain 
many pages of amendments, ‘and notice may be 
‘given of others. The all-embracing character of 
the Bill as drafted was bound to arouse suspicion, 
which has not been by any means allayed during the 
Committee stage, more particularly in view of the 
somewhat blunt announcement early in the pro- 
ceedings to the effect that the Government intended 
to fight for every clause in the Bill—this, notwith- 


‘standing that on its Second Reading in the House 


of Commons it had been found expedient to with- 
draw without any discussion the section which 
contemplated placing in the hands of the Minister 
power to nationalise the railways by an Order in 


‘Council. This was a very considerable modification 


of the Government scheme, and in Committee there 
have been other modifications and additions. 
No useful purpose would be served by reviewing the 
whole of the debate in Committee and having 
reviewed the Bill when submitted to the House of 
Commons (see page 313 ante), we propose now to 
set out only those changes which appear to us to 
be the more important. 

Of these amendments we regard as of chief 
significance the new clause which provides that, for 
the purpose of giving advice and assistance to the 
Minister in connection with the exercise of his 
powers and duties, he shall set up a panel of experts, 
“‘ appointed from nominees, after consultation with 
the various undertakings and interests concerned, 
of the various classes of undertakings affected by 
the Act and of labour, trading interests, local 
authorities, &c.” Further, before exercising any 
of the powers for taking possession of railways not 
already controlled or of light railways, tramways, 
canals, harbours, docks, &c., if objection be raised 
by the owners, the Minister is to be under obligation 
to refer the matter to a Committee @lected by him 
from the panel. Apart from this and a separate 
clause in regard to rates and charges, to which we 
refer later, there is no specific reference to the 
subjects which are to be submitted to Advisory 
Committees for consideration, nor will it be in- 
cumbent upon the Minister to accept the advice 
offered him by an Advisory Committee. On this 
point, however, we feel that any Minister would 
hesitate before acting contrary to the advice given 
him by an Advisory Committee set up under the 
provisions of an Act of Parliament. It is not only 
because of the check which Advisory Committees 


73) must have upon the Minister that we are glad to 


see that they are now provided for, but because 
we think that once the principle is recognised it will 
be developed. As advocated for years past in these 


; | columns and elsewhere, we consider that there 


should be councils representative of the trading and 
railway interests for the purpose of . discussing 
matters of mutual interest. of the 
principle of Advisory Committees will doubtless lead 


' to the establishment of central and local councils. 


Moreover, the Bill as passed by Standing Com- 


mittee B contains another important provision as to 
the constitution of an Advisory Committee, 
We refer to the fixing of rates and fares. 
As drawn, the Bill sought to empower the Minister 
to give orders to railway companies “as to 
the rates, fares, tolls, dues and o to be 
charged,” and “he shall be entitled to fix such 
rates, fares, tolls, dues and other ‘charges as he 
thinks fit, notwithstanding any statutory provision 
limiting the amount of such charges or increase 
therein affecting the undertaking.” Obviously the 
commercial community ought to have a voice in 
such a matter. This has now been secured by a 
‘Government amendment which provides that, for 
the purpose of giving advice and assistance to the 
Minister with respect to and for safeguarding 
any interest affected by any directions as to rates, 
fares, tolls, dues and other charges or special 
services, a committee shall be appointed consisting 
of five persons, one being a person of experience 
in the law (who is to be chairman) nominated by 
the Lord Chancellor, two representatives of the 
trading interest nominated by the Board of Trade, 
one member who shall be a representative of trans- 
portation interests nominated by the Minister, 
and a representative of labour interests nominated 
by the Minister of Labour, together with, if deemed 
advisable, one additional member who may at 
the discretion of the Minister be nominated by him. 
Before directing any revision of rates or fares the 
Minister shall refer the matter to this committee 
for their advice, and they shall report to him ; 
and where such revision is for the purpose of an 
increase in the net revenue of any undertakings 
which the Minister determines to be necessary, the 
committee shall also advise as to the best methods 
of obtaining such increase from the different classes 
of ‘traffic and the fairness and adequacy of the 
methods proposed to be adopted. Before reporting 
or advising, the committee shall at their discretion 
give such public notice as they think best adapted for 
informing the persons affected of the date when 
they will inquire into the matter, and any persons 
affected may make representations to the committee 
and apply to be heard at the inquiry, which may 
be open to the public. The committee are to be 
required to hear such witnesses and call for such 
documents and accounts as they think fit, and shall 
have power to take evidence on oath, The members 
of the committee are to be paid “such salaries or 
other remuneration as the Minister, with the 
consent of the Treasury, may determine.” 

It will be noted that the committee is to have 
advisory functions only, but it may well be premised 
that the Minister would ordinarily accept the recom- 
mendations made to him, and the decision to estab- 
lish such a committee removes the principal objec- 
tions to the autocratic powers in regard to rates 
which the Bill contained. 

How far the Government may have been influenced 
by another Bill we do not know, but it is at least 
significant that the Bill to provide for the better 
regulation of traffic on railways and canals which 
was introduced on March 19, has since been dropped. 
It was presented by Mr. Marshall Stevens and 
supported by (amongst others) Mr. Neville Chamber- 
lain and Mr. Manvile, all of whom are members of 
Committee “ B.” This Bill proposed the establish- 
ment of a Board of Railway and Canal Control, 
consisting of six members, to. whom a salary was 
to be paid. They were to be of experience in matters 
pertaining to the consignment or transport of 
merchandise, and were to be appointed by the 
Home Secretary from amongst the persons to be 
nominated by such chambers of commerce, chambers 
of agriculture and other associations of traders or 
agriculturists as should be selected for that purpose, 
not more than two at any time being persons who 
had held office as director or manager of a railway 
company. The powers proposed to be conferred 
on the Board were to be of an extremely wide 
character, but the Bill having been dropped no 
useful purpose is to be served by récapitulating 
them. From the point of view of what we have 
already said, however, it is noteworthy that it was 
to be the duty of the Board to fix and revise, within 
any limit fixed by any Act of Parliament, the rates 
to be charged by any railway company for the 





conveyance of any description of merchandise 
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traffic by railway by goods or passenger train, the 
charges to be made by such company for any other 
services rendered by them in connection with traffic 
so conveyed, and the conditions to be applied to 
such rates and charges the fares to be 
charged by any railway company for the carriage 
of passengers and their luggage by railway, and the 
charges to be made for any other service rendered 
by them in connection with passengers or luggage 
so carried. The Bill also contained clauses as to 
the provision of siding accommodation at junctions 
between railways, running powers, disputes, 
dangerous merchandise, revision of the classifica- 
tion of merchandise traffic and many other matters. 
It also proposed to extend the law of undue pre- 
ference to passenger traffic by requiring the Board 
to prevent undue preference by any railway company 
as between one passenger or class of passengers or 
the passengers in any district and another passenger 
or class of passengers or the passengers in another 
district in respect of the fares and charges for 
passengers and their luggage, and the treatment of 
such traffic. That so far-reaching a Bill should 
have been dropped after introduction by a member 
of the committee that is now engaged in considering 
the Ministry of Ways and Communications Bill is, 
as we have said, significant, and its provisions will 
certainly be borne in mind in connection with that 
Bill. 

Reverting to the Ways and Communications Bill 
as passed by Committee B, it is to be noted that 
its provisions continue to apply to railways, light 
railways, tramways, canals, roads and harbours, 
while the supply of electricity is now the subject 
of a separate Bill. The only definite exclusion is 
that of tramways or light railways used as tramways 
belonging to a local authority. Strenuous effort 
was made to secure the exclusion of roads and 
harbours, and the fight will be renewed in the 
House of Commons on the report stage. 

In certain respects the Bill is now much more 
specific than the original draft. For example, it is 
provided that it shall be lawful for the Minister to 
purchase privately-owned railway wagons on such 
terms and conditions as may be authorised by or 
under an Order in Council and approved in draft 
by a resolution passed in both Houses of Parliament, 
but the Minister is not to be entitled to purchase in 
England and Wales, or Scotland or Ireland, respec- 
tively, wagons used for any particular class of 
traffic unless he purchases all the privately-owned 
wagons so used. If the wagons are purchased, the 
railway companies are to be required to provide 
suitable wagons for the use of traders as a reasonable 
facility under Section 2 of the Railway and Canal 
Traffic Act of 1854, subject to such charges being 
made for the use of wagons as may be directed by 
the Minister. The Minister is also to be empowered 
to make regulations prohibiting the use on railways 
of privately-owned wagons, or limiting or restricting 
the number of wagons to be so used and prescribing 
the type and capacity. The present indications are 
that the Minister intends to avail himself of the 
power to acquire privately-owned wagons. That 
there are two sides to the question of privately-owned 
wagons we freely admit, and we should be sorry to 
see traders deprived of any facility which is really 
in the interests of the community, but we submit 
that there can be no justification for the present 
difference of practice. In Scotland and the North- 
East of England, railway companies provide 
practically all vehicles required for the conveyance 
of traffic on their lines and the Midland Company 
do so also. We believe that this arrangement is 
found to be in all respects satisfactory. Not only 
does it save an enormous lot of shunting incidental to 
the separation of wagons for individual owners, but 
the haulage of empty wagons which is so familiar 
@ feature of railway operations in this country is 
reduced. If we are correctly informed, we think 
that the interests of the community are to be best 
served by requiring all railways to provide wagons, 
thereby abolishing the system of privately-owned 
vehicles. In saying this we are not unmindful 
of the fact that the personal interest of wagon 
building and wagon hiring firms might be regarded as 
prejudiced, but as regards the building of vehicles 
this might properly be balanced by allocating to 
private builders the construction of a good deal of 





rolling-stock for British Railways in preference 
to the building of rolling-stock by railway companies 
at their own works. 

We have already: referred to the question of 
Advisory Committees. The Bill also provides that 
the Minister may hold such inquiries as he considers 

or desirable for the purposes of the Act 
and require the attendance of witnesses. On some- 
what similar lines is the provision that the Railway 
and Canal Commission may call in the aid of one or 
more specially-qualified assessors to hear a case 
wholly or partially. This is a desirable reform 
which should make for more prompt settlement of 
matters referred to the Railway and Canal Com- 
mission. 

The approval of the Houses of Parliament has to 
be given not only before privately-owned railway 
wagons can be purchased, but before the Ministry 
can acquire land or easements and construct works 
in connection with the establishment of new trans- 
port services. In the latter case there is the proviso 
that if the establishment of any such service will 
involve a capital expenditure exceeding 1,000,000/., 
or the acquisition of land compulsorily or the 
breaking up of any roads, the Minister shall not 
exercise his powers unless authorised by Order in 
Council approved in draft by both Houses of 
Parliament. There is also a very significant 
provision that where it appears to the Minister that 
the establishment of any such new service eould 
properly be undertaken by the owners of any 
existing undertaking he shall not establish the 
service without first giving to such owners an 
opportunity of so doing. 

It was to be anticipated that the provision as to 
officers and servants of undertakings affected by 
the Bill would be amplified, but it was perhaps 
not expected that they would be so elaborate in 
character as is now the case. Not only is adequate 
guarantee given whereby officers and servants 
transferred temporarily or permanently to the 
Ministry of Ways and Communications shall be 
safeguarded as regards tenure of office, remunera- 
tion, gratuities, pension, superannuation, sick fund, 
or any benefits or allowance, whether obtaining 
legally or by customary practice, but every person 
not transferred is to continue to hold his office under 
the owners of the undertaking under the same tenure 
and upon the same terms and conditions whether 
obtaining legally or by customary practice as he held 
it on the date of the passing of the Act, and while 
performing the same duties shall receive not less 
salary, wages or remuneration than under existing 
regulations, agreements or established customs of 
the service he would have been entitled to if the 
Act had. not been passed. Moreover, while the 
Ministry may direct that the office or situation of 
any person shall be abolished, it can only be done 
subject to the individual being safeguarded in 
circumstances defined and to his being entitled to 
claim compensation. 

We have dealt with the more important amend- 
ments which have been made in the Bill; that it 
will be still further amended on the Report stage 
in the House of Commons, and possibly in the House 
of Lords, we have little doubt, and it certainly 
needs to be scrutinised very carefully. For our 
part, we still feel that it is too all-embracing. While 
many of the autocratic provisions have been 
modified, it represents so vast an extension of 
bureaucratic Government control that we view it 
with great suspicion. During the Committee stage, 
there have been many references to this aspect of 
the matter, and the war has taught us that the 
sooner we put limitations to the power of bureau- 
cracy the better we shall get on. Public opinion in 
the United States is rapidly crystallising itself on the 
side of private ownership, and President Wilson has 
intimated that in his opinion the rai'ways should be 
returned to their owners at the end of the present 
year. We should be very glad even at the present 
stage if a similar course were to be decided upon in 
this country; we have a profound distrust of the 
commercial efficiency of Government ownership and 
operation, in our opinion it would be far better 
for railways to continue to be operated as private 
concerns subject of course to’such a measure of 
control as would develop co-operation not only 
between themselves, but with traders, and would 





assist towards a revision of rates and charges 
commensurate with increased operating costs. If, 
however, there is to be a Ministry of Ways and 
Communications, let it be kept within the narrowest 
possible limits. 





LISTENING UNDER WATER. 

Tue problem with which Professor W. H. Bragg, 
F.R.S., of University College, dealt with in the two 
Tyndall lectures, on ‘‘ Listening Under Water,” 
delivered.at the Royal Institution on May 27 and 
June 3, was one of the war work problems set by 
the Admiralty in the early days ot the submarine 
menace. That fact inflicted restrictions upon the 
lecturer. But the investigations which are still 
being conducted under the general direction - of 
Professor Bragg in co-operation with several 
Government departments and other bodies and 
investigators have a wide and general interest. 
The investigators had once more to recognise that 
many acoustical problems are imperfectly under- 
stood, since very little has been done experi- 
mentally with respect to the propagation of sound 
through water, and the applications evolved are not 
limited to warfare, fortunately. 

Much of the power of the submarine, Professor 
Bragg pointed out, rested in its invisibility, and 
would be lost if a ship had means of ascertaining 
when it was within, say, a mile of a submarine; for 
the submarine was a most vulnerable craft. But the 
difficulties of the search were sometimes underrated ; 
peopie did not aiways realise the size of the sea 
and the difficulties of findmg anything in it. The 
seas surrounding the British Isles might roughly be 
represented by an ocean of 400 miles by 400 miles ; 
there was a submarine somewhere in that ocean, 
the task was to find it. Supposing a ship had some 
means of becoming aware of the submarine when 
within a mile of it; the ship could steam about 
200 miles in 24 hours, and might thus search an 
area of 400 sq. miles per day; the whole search 
would require 400 ships in that case. That estimate 
assumed the submarine to be stationary, whilst 
it might just manage to avoid the ship; on the 
other band, submarines were likely to frequent 
certain waters by preference. Strange methods 
had been proposed to effect a search. To light up 
the sea bottom would be like furnishing a motor 
car with powerful headlights for rapid traveliing 
through a fog. Light did not penetrate far into 
water; in the clear Mediterranean water the limit 
of vision was 200 ft., in our British seas the limit did 
not, perhaps, exceed 20 /t. The use of direct optical 
methods had proved impossible ; so had electric and 
magnetic methods. Even under ideal conditions 
masses of iron could not be detected by magnetic 
effects at distances of more than 100 yards on a 
stable platform, and the increase in the conductivity 
of sea water, due to the presence of iron bodies, 
would hardly be detectable at a much greater range. 
It had been suggested to put enough: salt into 
the sea to force submarines up to tho surface (!), 
and some new kind of rays, especially to be invented 
for the purpose, had been hinted at. The Board of 
Inventions and Research had come to the conclusion 
that acoustical methods alone promised success, 
and those methods, which Captain C. P. Ryan, R. N., 
had been investigating before the submarine menace 
arose, were hence taken up. 

How efficiently water carries sound had long been 
known. In their first experiments of 1826 Colladon 
and Sturm heard their bell, immersed in the water, 
right across the Lake of Geneva. Down in the hull! 
of a ship, Professor Bragg said, one might hear that 
somebody was dropping a shovel in a passing ship. 
The bell signals of the Electric Signalling Company 
could be picked up at distances of 7 miles and more. 
But listening to a sound that was produced to be 
heard was a different thing to listening to the 
unavoidable noise made by a boat that wished to 
pass unnoticed. The extremely perilous hunt of the 
Navy for submarines would much have been 
facilitated if they had had some means of knowing 
when they were approaching a submarine within 
something like the distance stated, 1 mile. Acoustics 
had really rendered valuable aid in that hunt ; but 
it had taken a long time to bring the method to a 
satisfactory state, and Professor Bragg regretted 
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that he would have to speak about the failures 
rather than about the success attained, though he 
hoped to describe some valuable applications. 

Listening to the noise made by a ship one heard 
something from the screw; but it was not merely 
the beat of the engine, rather something connected 
with the screw motion. At slow speed the screw 
was barety audible; with certain speeds and con- 
ditions, cavitation set in. The singing of the kettle 
on the fire was due to the collapse of the steam 
bubbles ; the murmuring of a brook came from the 
white foam bubbles which burst; similarly the 
propeller hum was partly due to cavitation. For 
the investigator on shipboard the chief trouble 
was' the noise his own vessel was making, the 
beat of his own propeller, the crashing through 
the waves, &c.; to hear well he should stop his 
ship, as the motor man had to stop his car to 
listen whether another car was approaching. 
Much progress had been achieved in overcoming 
this difficulty arising from noises produced on the 
vessel engaged in the search;. but there re- 
mained the main source of trouble. Instruments 
were of little use in this respect; they would 
magnify and intensify sound, but hardly without 
distorting it. Professor Bragg laid particular 
stress upon this point. Nothing seemed to surpass 
the human ear as to the power of discrimination ; 
we could pick the human voice out of the buzz of a 
busy workshop. As a physicist, Professor Bragg 
did not like to express any opinions as to the 
acoustical faculties of animals. Fishes, themselves 
moving almost noiselessly, seemed to be little guided 
by sound. His own experiments in the Zoological 
Gardens, when feeding pelicans and seals with fish, 
had seemed to prove that neither of these creatures 
make any noise in the water when swimming 
after the fish, except when they caused air bubbles 
to escape; on the other hand, the seals appeared 
to hear even when swimming at a good rate. 

Many of the phonograph and kinematograph 
records which Professor Bragg reproducéd to 
exemplify these points had been taken by Captain 
Ryan under the sea or from under the sea. There 
was the hum of an electric motor, spinning at the 
bottom of the sea; submarines, approaching and 
receding; the noise of the 40-h.p. reciprocating 
engine on board a trawler; the very different note 
of a turbine steamer; the grinding of a ship on the 
sand; the grating of the anchor chain being 
lowered, following the whizz of winches ; bell signals 
and their echoes from the sea bottom; all those 
sounds came out characteristically, and the 
experienced observer could no doubt discriminate 
much better than the casual listener. But the 
analysis of the photographic records exhibited, 
taken with the aid of mirrors and light spots, was a 
different matter. All these records were coloured or 
distorted, the notes or vibrations of the instruments 
used being superposed on those of the sounds 
investigated ; the submarine records were hence not 
true notes, but general noises which could not be 
analysed. The instruments might be quite simple. 
For direct listening almost anything would do, a 
length of rubber tubing, e.g., ending in a glass tube 
to place into the ear. The receiver might be a 
corrugated diaphragm, but with that disturbing 
resonance came in. The Submarine Signalling Com- 
pany* placed a microphone (or two microphones) 
within a small water tank screwed to the inner 
wall of the ship’s shell. The “‘drifter-set ” of the 
Admiralty, which was hung overboard, was a lens- 
shaped body of metal into the one face of which a 
brass diaphragm was fitted; Professor Bragg 
exhibited the whole outfit, with telephone and 
battery. For working in water the diaphragm 
might be a substantial brass plate, and the amplitude 
of the vibrations would then be so small, that 
amplification by levers had been found impracticable, 
and not advisable, on the whole, for reasons stated. 

The new interesting method of determining small 
amplitudes of vibration which Professor Bragg had 
developed in this connection, and which*he demon- 
strated, is explained by the diagram, Fig. 1. The 
iron diaphragm D, held by the solid ring R, was 
vibrating, under the pulsating force of an electro- 


.* Compare Professor Joly’s lecture on “ Scientific 
Signalling and Safety at Sea.” Enamverrtme; May 17, 
1918, page 536. 





magnet (occupying the position of the deuble arrow 
of the diagram), with a known frequency p and an 
amplitude a to be measured. The spring 8 of 
natural frequency g was mounted in the block B 
which could be advanced by the aid of the screw M. 
The block was so adjusted that the head H of the 
spring just touched the diaphragm (contact being 
tested by electric or optical methods) ; the vibrating 
diaphiagm threw the head off; M was turned 
and the head H, pressed on, made a chattering noise 
until the block was advanced far enough, through 
a distance 6; then a/b = q*/p*, and a could ‘thus 
be determined. In the demonstration, the diaphragm 
made 170 vibrations, the spring 3 vibrations per 
second; hence g/p = 3/170 or, roughly, 1/60; 
b was } in., and the amplitude @ hence about 
1/3600 of }in. When contact was maintained, the 
elastic force of the spring Eb must be sufficient 
to impart to the head H of mass m enough accelera- 
tion to keep up with the vibrating diaphragm. 
The motion of the diaphragm was given by 
asin pt, and the maximum acceleration was p*a; 
hence p*’a = E b/m, and E/m = q*, so that 
a/b = q@/p*. Professor Bragg gave another still 
more striking demonstration of the chattering effect 
and its utilisation. A sheet of tinned iron was fixed 
horizontally above the pole of a vertical electro- 
magnet ; on the sheet was placed a small piece of 
brass; when the sheet was vibrating the brass 
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chattered until the period of the electromagnet was 
such that the acceleration which the field imparted 
to the sheet was equal to the gravitational accelera- 
tion of the brass weight. The weight itself was of 
no consequence ; a piece of chalk answered just as 
well. 

In his second lecture Professor Bragg dealt first 
with the determination of the direction of sound. 
Optically the observation of a shadow rendered that 
problem easy. The shadow was the sharper, the 
smaller the wave-length ; but long waves cast poor 
shadows, acoustical water waves (of bells) had 
lengths of 5 ft. or 10 ft., and the pole to 
cast a shadow would have to be as large as a ship. 
Asubmarine itself was too narrow at its ends to cast 
a shadow ; only the centre and the conning tower 
counted in that respect. Short explosion waves 
gave sharper shadows ; a glass tube, all wrapped 
with tape, had, in California, been lowered into the 
water on the one side of a jetty and had been 
shattered, so far as projecting out of the shadow 
region of the jetty, by an explosion on the water on 
the other side of the jetty. Other optical analogues, 
mirrors, &c., had not proved more useful than 
shadow determinations either ; something had been 
done in France, but Professor Bragg could not give 
particulars. A piece of rock did not reflect sound 
waves in water as well as it did in air ; the difference 
in the nature of the two media was not sufficient to 
produce a marked diversion. There was, however, 
considerable reflection when sound passed from 
water into air, because energy could not be handed 
across an air film or an empty space. A sheet of air 
bubbles, rising from a perforated pipe through water, 
formed a perfect screen for sound waves. A crack 
in a bell and a crack in the belly of a violin stopped 
the sound and spoiled the tone ; there was a zone of 
silence within the wake of asteamer. When a piece 
of gauze was lowered into the water the air bubbles 
adhering to the wires interfered with the passage 
of sound; when the gauze was shaken, the interfer- 
ence ceased. A plate of glass similarly stopped 
sound when immersed in water, but not after the air 
film on the glass had been wiped off, as Mr. Hopwood 





had found out in the course of this investigation. 





More success had been obtained with instruments 
of the type of earthquake recorders. In an ordi- 
nary seismograph one part was rigidly fixed to’ the 
earth and took part in the shiver; the other part 
was loosely poised and did not directly follow the 
motion of the earth; thus a record was obtained. 
How this principle worked in water Professor Bragg 
exemplified by a small glass tank, filled with water 
and mounted on rollers. In this tank two small 
torpedoes floated; the one was on the surface, the 
other submerged, being helddown by two cords. 
When the tank was moved, the torpedo on the surface 
shifted with the water; the submerged torpedo 
moved faster and through a greater range than the 
other. This principle had been applied by C. G. 
Sykes and i MacGregor-Morris (East London 
College) to determine the momentum and direction 
of the sound waves, and microphones were used 
for this purpose in the apparatus evolved, as 
described by Professor Bragg. Whether or not the 
carbon granules between the two plates of a micro- 
phone were squeezed by the acoustical waves, 
depended upon the direction of the sound. When 
the microphone was attached to one of the prongs of 
a tuning fork in such a way that the vibrating prong 
pressed normally on the diaphragm, the microphone 
would respond ; when the microphone was mounted 
over a prong, there was no response. Similarly, 
water-waves pressing normally on either face of the 
microphone would make it sound ; but grazing water 
waves would not, and in this way the direction of 
normal waves and their distribution round obstacles 
in the water could be explored. 

To experiment with water waves several feet in 
length, Professor Bragg proceeded, required large 
tanks, and that was one of the reasons why so little ex- 
perimental work had been done in this field, although 
Lord Rayleigh had always urged the desirability of 
experimental verification of the mathematical de- 
ductions. The screens, however, need not be large. 
Professor Bragg has been conducting his experiments 
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in reservoirs ; two of the chief instruments used are 
illustrated in Figs. 2 and 3, while Fig. 4 explains the 
way in which they are mounted for use. The 
pressure explorer, Fig. 2, he stated, consisted of a 
shallow brass box, 1 in. in diameter, the one face 
of which was covered by a rather thin brass 
diaphragm ; the microphone was screwed into the 
diaphragm ; this instrument indicated the* water 
pressure and thus the intensity of the wave motion. 
In the velocity or distribution recorder, Fig. 3, the 
microphone was fixed to the solid ebonite wall 
of the spherical box, and not to a yielding diaphragm. 
In both cases the box was attached by rubber tubing 
to a brass pipe enclosing the telephone line. -Fig. 4 
showed one of the instruments in front of a sereen, 
the whole suspended by levers from a raft about 
20 ft. from the source of sound, generally a buzzer, 
but sometimes a detonator or other device. 

The first screen to which Professor Bragg referred 
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was a lead disc, 10 in. in diameter, } in. thick. The 
small lines in the diagram, Fig. 5—some of which 
appeared double owing to a slight optical defect— 
indicated the direction of the sound waves in the 
neighbourhood of the screen; the intensity of the 
sound was also determined and was on some of the 
various diagrams marked in figures which are, un- 
fortunately, too small for close study. The sound, 
it would be seen, travelled right through the central 
portion of the disc, but was deflected round the edges; 
a deflection was also observed near the edges when 
the sound travelled parallel to the plane of the disc. 
In Fig. 6, the disc was of wood and did practically 
not interfere with the propagation of sound at all. 
The next screen (not reproduced) was an air screen 
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or drum, built up of a metallic ring covered on both 
sides with oiled silk. The sound in this case 
approached obliquely ; on both sides of the air 
screen the direction was nearly turned into normal, 
and the intensity was much reduced. These and 
other experiments proved Rayleigh’s theory; a 
body in a medium of different density, but of the 
same elasticity, should act as a source of disturb- 
ance, spreading and polarising the waves; a body 
differing also in elasticity (like the air screen) 
behaved like a pulsating body and a secondary 
radiator. 

A ring screen, a brass plate, 14 in. thick, with a 
central opening, did not disturb the direction much, 
except close to the edges, but affected the intensity 
of the waves. When a diaphragm was stretched 
across the opening, and a microphone mounted in 
this diaphragm, the microphone itself caused little 
alteration in the phenomena, but the diaphragm 
again proved an important factor; when in 
resonance with the source of sound, it increased the 
amplitude of the waves; when not, it had little 
effect. .A hollow box of thin sheet metal (resembling 
a pill box) behaved, as was to be expected, like an 
air screen with the natural vibrations of the metal 
sheets superposed on the acoustical waves; close 
to the two metallic surfaces the pressures and 
distributions were irregular showing that the water 
had been set in vibration s»mewhat as the sand 
would be in Chladni’s figures. When, however, the 
box was replaced by a stout plate with a central 
opening which was covered on both sides by sheet 
metal, and the two sheets were connected by a strut, 
vertical to both of them, the screen acted as a solid 
resonator, materially increasing the intensity of the 
sound. 

The hydrophones which Professor Bragg exhibited 
were lens-shaped bodies, up to 2 ft. in diameter, 
consisting. of a ring of heavy metal with bevelled 
edges and a brass plate in which the microphone is 
mounted. The hydrophone is suspended by a rope 
which is attached to the heavy ring by stout rubber 





strips—not to transmit any sound—and clamps ; the 
telephone line is apart from the rope. When sound 
waves pass a hydrophone in a direction parallel to 
the plate, no sound is heard, whilst in other direc- 
tions the sound becomes audible; that Professor 
Bragg demonstrated by speaking to the edge of the 
instrument. The hydrophone was thus silent, he 
explained, to sounds coming from either the front 
or rear, and front and rear could not be distin- 
guished by these instruments; experiments with 
them had, however, led to the development of a uni- 
directional sound detector. When a plate was held 
near the diaphragm, parallel to it, sound was cut off 
from that side, but strengthened on the opposite 
side, so that the instrument would only (or chiefly) 
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respond to sound arriving in one direction. In 
these experiments they had first made use of 
“baffle plates ““ made of wood covered with lead 
as shown in Figs. 7, 8 and 9. In Fig. 7 the baffle 
was on the far side; the sound direction was 
curiously deflected both between the hydrophone 
and the baffle, and on the far side of the baffle, 
while the pressure distribution was peculiar. In 
Fig. 8, the baffle was on the near side ;_ the intensity 
in the hydrophone was then much weakened, and 
the direction less interfered with; yet there were 
deflections in that case, and even in the case Fig. 9, 
when the sound direction was parallel to the baffle 
and the hydrophone. The phenomena were not 
simple. By fixing the baffle at the proper distance 
from the hydrophone proper, however, good uni- 
directional detectors had been obtained. The two 
parts, the hydrophone and the baffle, were attached 
to each other by screw-bolts. The baffle was first 
made of wood and lead, as mentioned ; wood alone 
soon became waterlogged. The air film between 
the wood and lead seemed to be the most effective 
part of the device, and as resonance had to be 
prevented, they had tried lead shot. A supply of 
xylonite happening to come in, they then made 
the baffle of xylonite, the plates being about 1 cm. in 
thickness ; the central portion was scooped out, and 
the cavity was filled with lead shot and covered ; 
this cavity was on the hydrophone side; on the 
other side the whole xylonite plate was washed by 





the water. 








Referring to the physiological side of the problem, 
the capability of our ear to distinguish the direction 
of sound, Professor Bragg remarked that when we 
judged a sound to come from the right, it was not 
because the sensation was more intense on the right 
ear. It was rather believed at present that we 
imagined the sound to come from the right, when 
the right ear was struck first. The intensity 
difference in the two ears was too small, considering 
the relatively large wave-length of sound in 
the air. When a tuning fork was placed between 
two tubes of adjustable lengths taken to the ears of 
a subject, the listener would imagine the source of 
sound to be in front or, more frequently perhaps, at 
the back of his head, when the two tubes were 


RECORDS OF THE EXPLOSIONS OF MARK IV’ 

UNDER WATER (ABOUT 20 YARDS FROM A RECEIVER) 
Fig 0. OGPTH OF i wee. asour £0 Fesr. 
PORTA MON é ECEIVER. 
Se Ga ON A AY nn 7 ay, 

JT RUBBER CHUNK RECEIVER (WITH ‘FREE-BACK RUBBER Mic“) 


rOIR 
a 
a en ee ee ees 


— Meoreet 














made of equal lengths ; when the tube on the right 
was shorter, he would place the source to the 
right. But the whole problem was still controver- 
sial. Studying the propagation of the crack of a 
rifle, Mallock, twelve years ago, had found that: the 
report did not appear to travel in the direction 
of the bullet ; bullets fired at speeds exceeding the 
velocity of sound carried a front wave and rear 
wave of air with them like the bow wave and wake 
of a steamer, and the noise of the crack seemed to 
be propagated in directions at right angles to those 
waves. 

Passing finally to some further methods and 
applications, Professor Bragg referred to the German 
device for determining sound directions, consisting 
of two microphones attached to the ends of an 
arm which was rotated under water. Other 
applications of quite a different nature had proved 
exceedingly useful. The sound of an explosion had 
a sharp, definite effect on a microphone, the wave 
being very steep; even a small detonator would 
give a clear record at a distance of 2 miles, though 
the explosion only lasted 545 of a second. In 
Fig. 10 three records of detonator explosions under 
water, 20 yards from a ship, are reproduced. They 
were received with three kinds of instruments, 
the time intervals being 0-01 second. In the top 
curve the receiver was a non-directional hydrophone ; 
the explosion itself was marked by the steep, 
jagged deflection right at the beginning of the 
curve, the subsequent gaps and oscillations indicated 
the vibrations of the mica diaphragm itself rather 
than the explosive wave. The second curve was 
received with a rubber microphone (i.e., a microphone 
provided with a rubber diaphragm) fitted with a 
rubber chunk receiver with free back, that is to say, 
the microphone front was fixed in a block of rubber, 
but the back was left free. The third curve, which 
Professor Bragg considered to be the truest record 
of the three, we understood, was received with an 
instrument similar to that of the second curve, but 
the back was fixed. Professor Bragg exhibited 
other very in’ ing curves, on some of which echo 
effects were quite distinct. 
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These experiments had led to the development 
of a very efficient method of determining positions 
out at sea. Suppose six receiving stations were 
fitted up on shore, 5 miles apart, all connected 
by cables to a central station. Explosive waves 
from a distance would reach the several stations 
after different intervals, depending upon the respec- 
tive distances. The disturbances would be received 
by Einthoven chord galvanometers on kinemato- 
graph films. 

Such a record is reproduced in Fig. 11, which 
was one of a series of four slides exhibited by 
Professor Bragg, the records being produced by 
dropping explosives from a war vessel which was 
steaming out to sea. The six black lines visible 
in the photograph represented the shadows of the 
six Einthoven chords thrown through a slit on the 
moving kinematograph film; in some spots the 
black line appeared indistinct and wavy; these 
spots indicated that the respective galvanometer 
was responding to explosion waves. The small 
squares of the photograph marked intervals of 0-1 
second, the fintr lines within the squares intervals 
of 0-01 second, and intervals of 0-001 second 
could be estimated. From these records the 
distance of the seat of the explosion could be de- 
duced after the manner of finding the range of a 
gun, but with greater accuracy, since bases of con- 
siderable lengths could be used. The method 
lent itself to manifold useful applications, for 
instance, in the search for mines. It was very 
difficult to ascertain the exact position of a mine 
discovered by a ship out in the North Sea ; a charge 
was dropped overboard, and within 15 minutes 
the position would have been determined and 
recorded on shore. Again, an aeroplane could, 
by dropping a bomb into the sea, inform the ob- 
servers on shore where he was or where he had 
discovered something. 





THE INSTITUTION OF GAS ENGINEERS. 
(Continued from page 748.) 

On the evening of the first day of the meeting, March 
27, the president and Mrs. Glover gave a reception and 
dance at the galleries of the Royal Institute of Painters 
in Water Colours in Piccadilly. It was numerously 
attended, and proved very enjoyable. 

The first business on the following morning was the 
annual meeting of the contributors to the Institution’s 
Benevolent Fund, the president, Mr. Samuel Glover, 
occupying the chair. The report of the Committee of 


Management showed that the sum of 342/. 8s. had been 


expended in grants during the year 1918, and that had 
it not been for the donations received, a deficit would 
have occurred on the year’s working. An earnest 
appeal was therefore made for new subscribers, which 
was emphasised by various speakers; the report was 
then formally adopted ; the election of two members 
of the commjttee was announced, and the proceedings 
were brought to a close. 

The meeting of the Institution was then resumed. 
A discussion on “‘ The Education of the Gas ineer ” 
was opened by Professor Arthur Smithells, C.M.G., 
F.R.S., of Leeds University, at the request of the 
president. He said the gas industry had risen to the 
occasion magnificently during the agonising experiences 
of the past four years. _ Its members might well plume 
themselves upon its efficiency and be tempted to say 


2 


that they who had done these things had justified | P 


themselves and their ways, including their educational 
ways; but he did not think that was their attitude. 
He thought they were conscious rather of having 
through great anxieties and having had narrow escapes, 
and of feeling that they must secure themselves for the 
future. Apart from international considerations, there 
were great national questions to confront—in short, the 
gas industry was at a period in its history when no effort 
must be spared to improve its efficiency. The training 
of all ranks therefore called for most careful con- 
sideration. 

He did not propose to lay down any detailed pre- 
scription for the process of training, but rather to set 
forth some general considerations on the whole question 
of education in relation to the profession of a gas engi- 
neer. ‘ There are,” he said, “ two schools of education 
for industry—one is the works, the other the school 
or college with its class rooms and laboratories. The 
predilection of the Englishman is for the training 
ground of industry itself. Apprenticeship is no doubt 
an excellent, and indeed an indispensable, system 
so far as it goes, if it is properly carried out. When 
industries become or are re » a8 applied science or 
applied art, we realise that their full pursuit requires 
that their members, or some of them, shall at some 





period endow themselves with a knowledge of those 
a. Systematic study outside the workshop 
omes a necessity.” pa! cxmuucis” question he was 
concerned with was how we provide the knowledge 
of scientific principles and their application to practical 
problems. On the one hand they had the practical 
man impressed with a knowledge of the realities of 
industry, bent on getting what he regards as necessary 
from science on the strictest terms of economy in time. 
On the other hand there were those with their know- 
ledge of science, with experience of furnishing humanity 
with new resources. They were in danger, he thought, 
not of over-estimating what science had to offer, but 
of under-estimating how much there was besides science 
which was indispensable for success in industrial callings. 
The science teacher must come in to give his aid. 
The gas engineer must recognise that the modern 
conditions of his indus demanded a much more 
extensive and thorough scientific training than had 
hitherto been customary. The Be cesacim. | civil and 
electrical engineers fed their profession with a constant 
stream of recruits who had had a three or four years’ 
course at a university ; he felt certain that gas engineers 
should come into line. “ Let us,”’ he said, “ at the univer- 
sities at least, be entrusted with a certain number of 
young men of real ability and see what we can make of 
them. We have been greatly embarrassed by being 
called upon to train unsuitable pupils. A great many 
people have no adequate appreciation of the intellectual 
standards that are necessary. ucation is not a 
process of filling empty vessels ; it is a process of growth 
and training, and we must have adequate native talent 
to work upon.” At what period should this university 
training take place? He imagined that the great 
majority of practical men would be inclined to decide 
at once in favour of some works experience preceding 
and perhaps alternating with university study. The 
advantages expected were that the young man would be 
confirmed at the outset in his profession ; that he would 
be led to see the kind of problems he would have to 
face, and the kind of knowledge he would need to solve 
them ; and that it would give him so much more interest 
for his theoretical studies, But there were three 


ints to be set against those he had enumerated. | tim 


irst, an early taste of the real business of a works 
often fired a young man with great impatience to go on 
with it; second, he often got a totally wrong view 
of the kind of knowledge that he would most need ; and 
thirdly, this early impress of things practical would 
detach his interest for things intellectual. 

Professor Smithells concluded his remarks by 
expressing the hope that the ordeal through which 
we have recently passed, when again and again all 
we hold precious in life had been saved to us by the 
close union of high science and sound practice, might 

rove to have given an impulse that might lead to a 
ter understanding and a closer co-operation between 
the two worlds of labour and learning. He was no 
believer in efficiency at any price. Our chief enemy 
in the war had indeed in many particulars made 
himself efficient in a very high d , and largely 
so by carefully-designed educational measures. “But 
in doing so he lost his soul ; and he had, on his part, 
undoubtedly given science a bad name, We were not 
likely to travel the same path ; and surely no reflective 
man would say that any educational measures we under- 
took need be fraught with risk either to our peculiar 
practical genius or to the moral qualities of our race. 

Mr. H. E. Jones urged the necessity of a knowl 
of chemistry. He considered the mechanical work- 
shops an excellent training ground. A good sound 
education was essential to begin with. Then the bo 
might pass into the workshops to familiarise himse 
with the practical operations of his profession, and 
roceed to college before he was too old to learn the 
principles that underlay the work he had seen being 
done. 


Mr. F. W. Goodenough (London) questioned whether 
there was as much enthusiasm for and faith in industry 
on the part of professors and teachers as they wished 
other people to have for science ; if there was not the 
same keenness for creating the right material for 
industry on the part of the teachers they would never 
get the reciprocal enthusiasm of the students. There was 
a great deal that was needed to be taught to those who 
were going to take a leading part in industry—of the 
science of management, the application of psychology 
to management, the training of staffs, salesmanship, 
and so forth, to which the industry so far had given 
very little attention. There was a science of humanity 
which needed to be taught as much as the science of 
things. If this were borne in mind the country would 
have a more valuable educational curriculum and one 
which would be of much greater interest to the students 
who took part in it. 

Mr. Percy Griffith (London) 
theory versus practice. The impression was 
that theory was merely a specu which was put 
out in the form of a hypothesis which was subject to 
proof by practical men; but theory really meant 


spoke on the problem of 


scientific knowledge based upon past ee He 
thought that the matter of a ony the methods 
by which that education should be acquired were 
matters which the Institution as a body might take up 
and deal with in a thorough and comprehensive 
manner. 

Mr. J. P. Leather (Burnley) felt there was a great 
deal to be said in favour of a portion of the p' 
experience being taken early. He considered that the 
education of a gas engineer should embrace ev 
that constituted British educational culture— 
the arts, psychology, and a knowledge of the 
in general. ey men would excel all round, but 
from the nature of his varying duties it was necessary 
that the gas engineer should have a wide outlook upon 


Mr. 8S. B. Langlands (Glasgow) made reference to the 
Scottish educational —-. the value of which had 
been proved, and Mrs. Cloudesley Brereton spoke on the 
relationship of science and business, to illustrate which 
she cited the case of her eldest son, who had done 
brilliantly at school and had gone up to Cambridge, 
where he ought to have taken up mathematics, but 
was able to convince the master of Sidney Sussex 
that there was a field for such men in industry. He 
had allowed her son to keep his scholarship, and to take 
international economics and history, with the idea of 
follo a business career. 

Mr. T. Hardie (Newecastle-on-Tyne) favoured the 
idea of the youth getting all the knowledge he could 
before he entered the works or shops. Mr. D, T. 
Livesey (East Grinstead) said it was possible in Scotland 
for the young man in course of training to leave the 
works for six months and go to the university, and in 
that way qualify for obtaining his degree. He was 
allowed three months off his apprenticeship for every 
six months spent at the university. Mr. xander 
Wilson (Glasgow) believed that so far as the training of 
specialists was concerned, the university seemed to 
bring them up to perfection, but for general work 
such as the charge of a gas works, his experience 
led him to prefer the man who had gone through a 
course of practical and theoretical training at the same 


e. 

Mr. Thomas Goulden (London) s that the 
proper time for those who could obtain university 
training was to take it immediately after their school 
education because there was nothing which put a 
student back more than a break. He entirely 
with the statement that a university training did not 
fit a man for the management of men. 

Professor Smithells, replying to the discussion, 
referred to the various points of view it was — 
to look at the subject from. With almost all that had 
been said he found himself in hearty agreement. Ina 
reply written subsequently he admitted having 
narrowed his remarks to the question of scientific 
training. He agreed that teachers should interest 
their students. The intellectual appetite needed 
stimulus. The cost of university education was un- 
doubtedly a serious consideration; he felt confident 
that only by lowering of fees or by the provision of 
scholarships on an ampler scale would it be possible 
for the nation to attain to the position of fully 
utilising its intellectual capital. 

The report of the Refractory Materials Research 
Committee was then presented by Mr. A. E. Broad- 
berry, the chairman. It consisted princi y of a 
treatise on the “ Crushing Strength of Firebricks,” by 
Mr. W. Emery and Dr. J. W. Mellor, and one on 
“ Heat Conductivity,” by Messrs. C. Edwards, A. Rigby 
and Dr. J. W. Mellor. In the former it was stated 
that the crushing strengths are usually so much higher 
than is required in practice that this y is usually 
ignored. Apart fom the direct utilitarian aspect 
of this quality, a comparison of the crushing strength 
of firebricks gives an idea of the internal strength of 
the brick and how the binding agent is doing its work. 
The results showed that the crushing strength is reduced 
by increasing the grain-size of the grog when the 
proportion of grog is constant ; and also by increasing 
the proportion of grog when the grain-size is constant. 
Further, bricks tested with the load applied to the 
44-in. face give a higher crushing strength than when 
the load is applied as directed in the standard specifica- 
tion—.e., on the narrow side. 

bce were not sufficient data available wg any 
conclusion to be drawn respecting a possible relation 
between the so-called fusion temperature of the clay 
wo ne de many, eager nal Bag bear dy we There 
was probably a close connection between the tempera- 
ture coefficient of the vitrification and the crushing | 
strength ; and it was further probable thet the crushing 
strength reached a maximum during the firing of the 
brick, and that the strength ually deteriorated 
when the bricks were in use. In an attempt to follow 
the deterioration of firebricks heated for periods of eight 
days, during three of which the ae car me: were in 
the neighbourhood of 1,280 deg. C., the crushing 





strength of a typical fireclay supplied ‘by the 
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manufacturer rose from 2,300 Ib. per square inch to a 
maximum of 2,875 Ib. per square inch on the tenth 
firing; the strength then gradually fell to 2,700 Ib. 
per square inch on the fifteenth firing, and to 2,150 Ib. 
per square inch on the nineteenth firing. This showed 
that the firebricks turned out by the manufacturer 
had not attained their maximum mechanical strength. 
When the brick was afterwards reheated, the mechanical 
strength increased, owing to the continuation of the 
work of vitrification, which was su to be nearly 
completed in the burning of the brick. It was the con- 
tinuation of these changes which gave rise to the so- 
called after-contraction (or after-expansion) of a 
firebrick. 

In another fine-grained silica brick, the crushing 
strength fell from 2,700 Ib. per square inch to 2,325 Ib. 
on the fifth firing, and to 2,050 Ib. on the fifteenth. 
Another medium-grained silica brick fell from 2,200 Ib. 
per square inch to 1,050 Ib. on the fifth firing ; another 
15 firings produced no perceptible change in the strength 
of the brick. Three other kinds of firebrick underwent 
no change which was perceptible outside the limits 
of experimental error. 

The report on Heat Conductivity opened with the 
assertion that the relation between the thermal con- 
ductivity of refractory materials and porosity was an 
important point in connection with the manufacture 
of saggars, muffles, and gas retorts where a high con- 
ductivity was desirable. It had been abundantly proved 
that the thermal conductivity of insulation materials at 
ordinary temperatures was greater the less porous the 
materials; and it had been assumed that the results 
applied also at high temperatures. Hence it was inferred 
that a low porosity was desirable in order to ensure a 
rapid passage of heat through the walls of the retort. 
Various formule and calculations were given, but 
Messrs. Edwards and Rigby had not finished the latter 
in time for including in the report, and they would 
be added later. 

Mr. Broadberry made reference to the splendid work 
done in connection with the Refractories Research by 
Major F. J. Bywater, with whom it had indeed 
originated in'a paper which he had read before the 
Institution in 1908. Now that he had completed his 
military duties it was hoped he would take up the 
work again. Turning to the investigation now reported, 
Mr. Broadberry said while grain-size directly affected 
porosity, the new theory which was being examined, 
that the insulating effect of porosity—that was its re- 
sistance to conductivity—broke down at high tempera- 
tures was of very great value, and’ made the report 
of the highest interest. The inter-relationship of 
chemical and mechanical effects of different clays, 
aluminous and silicious, the firing contraction and after 
contraction on the one hand, and the expansion when 
heated on the other, the texture and grog best suited to 
avoid cracking with abrupt changes of temperature 
and at the same time to produce the best conductivity 
where it was uired and avoid it where it was 
objectionable, the suitability for materials under load 
to resist fusion collapse and mechanical collapse, the 
corrosive and fluxing effects of various flue dusts, and 
many other problems were receiving attention. 

Mr. J. P. Leather referred to the specimen of retort 
produced by the casting process, which was on exhibi- 
tion in the entrance hall. It was thought that the 
experiment would have involved a very great expendi- 
ture, but owing to various reasons it had not been 
costly. It was hoped to produce these retorts in large 
quantities soon, and that they would be tried in actual 
use by members of the Institution. He reminded the 
meeting that the chemistry of the silicates was most 
complicated, and required to be dealt with cautiously. 
The committee had been congratulated on the result 
of their work. When one compared the tests of fire- 
bricks on the market now with those of a few years 
ago the difference was remarkable. When at Stoke- 
on-Trent where the committee’s investigations were 
being carried out under Dr. Mellor’s direction, he had 
been interested in a laboratory experiment he witnessed 
for the electrolytic purification of fireclay. There was 
no doubt that it was a means—whether it was an 
economical means or not remained to be proved—of 
obtaining a fireclay having a far less proportion of iron 
in it than the raw material. The process was much 
more quickly performed than the old-fashioned washing- 
out process. 

The president, speaking of the specimen of retort 
exhibited, suggested it was unn for manu- 
facturers to make pieces 5 ft. long. He considered 
that it would be better if supplied to the users in pieces, 
which would be easier to handle, and would be better 
when they were set. The piece of retort exhibited 
was badly crazed, and it seemed to him from general 
observation that the segmental retort was the retort 
of the future. 

Dr. J. A. Harker said he had just returned from a 
four months’ visit to America. of its objects was 
to get some information for a committee of the Conjoint 
Board of Scientific Societies actively concerned in the 





possibility of setting up a laboratory where silicat® 
chemistry could be studied, not only in its relation 
to geology and petrology, but to all the requirements 
of the refractories industry. He thought it was a 
development of the greatest possible moment to the 
Institution of Gas Engineers. He suggested it would 
be very much better if Dr. Mellor, in preparing the 
reports for circulation, did not give a great many 
dry formule and mathematical equations without 
results. He was very interested in the theory of the 
reversal of the thermal conductivity of materials of 
certain sizes of pores at high temperatures. It con- 
cerned gas engineers most vitally. There was no doubt 
that the presentation of results obtained in a form 
which would be understandable by those who wanted 
to use them was a very important matter. 

Mr. W. N. Booth (Royal Gas Factory, Woolwich 
Arsenal) said the question of thermal conductivity 
affected the financial side of the gas industry. He 
had been led to go very carefully into the question of 
how it was governed by the temperature of the material 
and by the method of manufacture, and so on. As the 
results of his investigations contained a good many 
differentials, integrals, and equations, he promised to 
contribute them in a written communication to the 
discussion. 

Sir William Jones, president of the Ceramic Society, 
said his society recognised the valuable work which 
had been inaugurated by the Institution. The society 
was com largely of manufacturers and it was 
thought it might be a fitting medium for developing 
on a somewhat larger scale, research on refractory 
materials, the use of which was, of course, not confined 
to the gas industry. They had been in conference 
with the Privy Council Committee for Scientific and 
Industrial Research ; the whole project had crystallised 
and the plans approved. Dr. Mellor had undertaken 
the office of technical director of the new Refractories 
Research Association which had been projected. It 
was calculated that about 6,000/. per annum for the 
next five years would be required, one-half of which 
it was proposed would be contributed by the Privy 
Council Committee. Sir William was sure they could 
depend on the co-operation and support of the Institu- 
tion of Gas Engineers. 


(To be continued.) 





DisposaL oF GOVERNMENT SToRES.—We have recently 
received a copy of a new Government publication 
entitled Surplus which is the official organ of the Surplus 
Government Property Disposal Board of the Ministry 
of Munitions. In it will be found particulars of the 
great variety of war material for disposal in different 
parts of the country, classified in such a manner that 
prospective purchasers can easily ascertain what materials 
are available, where they are located, and to whom 
to address inquiries. The book is divided into 18 
sections, of which one of the most noteworthy, from the 
point of view of the engineer, is that relating to plant 
and machinery. In it particulars are given of what is 
probably the finest collection of machine tools ever 
offered for sale by public auction. Another section 
deals with lands and factories for disposal, and in this 
we notice that 12 National Factories, including the large 
Government Rolling Mills at Southampton, are offered 
for sale. Other sections are devoted to aircraft equip- 
ment, dock equipment, electrical stores, explosives and 
chemicals, ferrous metals, railway material, textiles, 
leather goods, timber, &c., and these include an enormous 
quantity of manufactured goods and raw materials of 
widely varying character. The book will be issued 
regularly on the Ist and 15th of each month, and its 
price is 3d. Orders for its delivery can be placed with 
any newsagent. 





Personat.—Mr. R. A. Chattock, who has been 
chairman of the Electric Vehicle Committee of Great 
Britain since its formation in 1913, has been compelled, 
owing to the pressure of other work, to resign the position 
although he will continue to serve as a member of the 
committee. By a unanimous vote, the hon. secretary, 
Mr. F. Ayton, was elected chairman for the year endin, 
March 31, 1920. Mr. Shrapnell-Smith was re-elec 
vice-chairman, and Mr. J. Christie was re-elected hon. 
treasurer. Mr. Ayton will continue to hold the position 
of hon. secretary, to which he was re-elected.—Messrs. 
Galloways, Limited, Knott Mill Iron Works, Manchester, 
state that, owing to the increasing extent of their 
London business, they have opened new offices under the 
direction of their Mr. A. C. Branch, at Mansion House 
Chambers, 11, Queen Victoria-street, E.C. 4.——Mr. T. B. 
Shore, who has been manager and director of the Con- 
sidére Construction Company, Limited, since its forma- 
tion in 1908, has severed his connection with that com- 

y and has joined the board of Sir William Arrol and 
8. Limited, as the director responsible for their re- 
inforced concrete de ment. It is the intention of Sir 
William Arrol and Co., Limited, to extend and develo 
their business in the design of re-inforced concrete wor 
in all its branches, and to extend the outside con- 
struction organisation. Mr. Shore will control and be 
responsible for this ae of Messrs. Arrol’s 
business. — The British Thomson - Houston Company, 
Limited, electrical engineers and manufacturers of 
Rugby, have opened an. office and stores at 33, James- 
street, Li 1 (Telephone Number 358 Central— 
Telegrams ‘‘ Asteroidal,” Liverpool). 





MINERAL DEPOSITS IN THE MALAY 
PENINSULA. 


Kedah, one of the Malay States which came under 
British suzerainty by the Treaty of 1909 with Siam, 
has been making steady material progress, thanks to the 
guidance of the officials lent by the neighbourin 
Federated Malay States. The State revenue adv 
from 293,275l. in 1914 to 590,216l. in 1918, and though 
the expenditure was also higher than in any previous 
year this was due to the carrying out of large public 
works which will lead to beneficial results in the near 
tuture. 

The following table shows the values of trade for 
Kedah and the smaller State of Perlis with Penang 
during the past four years :-— 


Imports. Exports. Total. 
£ £ £ 
1915 «+» 234,244 648,922 883,166 
1916 --- 355,226 830,785 1,186,011 
1917 . 390,123 770,615 1,160,738 
1918 295,367 923,960 1,219,327 


As elsewhere in the Malay Peninsula, there was a 
reduced output of rubber in Kedah, and the value of 
rubber exported fell from 921,981/. in 1917 to 746,7701. 
Rubber alone in 1917 exceeded in value the total exports 
given in the preceding table, which refers only to the 
trade of Penang with ‘Kedah and Perlis. 

Mining is progressing, and the demand that has arisen 
for tungsten ores led to the development of the wolfram 
deposits in North Kedah. During the past year, 8,377 
pikuls of mixed ore were won from the mine at Sintok, 
which, after magnetic separation, resulted in 4,840 pikuls 
of wolfram and 2,328 pikuls of tin ore, the balance of 
1,209 pikuls being loss on separation, consisting mostly 
of iron and arsenic pyrites. In six places outcrops have 
been discovered, all carrying ssinaeed contents which are 
now being worked open-cast. The original find has been 
opened up for a length of 1,000 ft. along the lode and 
to a depth of 100 ft. The other outcrops are being 
worked in a similar manner. Preparations are in hand 
for sinking a shaft on the main lode to a depth of 250 ft. 
with the object of testing the values of the lode in depth. 

Kedah’s total output of tin ore in 1918 was 779 tons, 
as against 476 tons in 1917, while the output of wolfram 
amounted to 520 tons, against 124 tons in 1917. The 
total value of minerals amounted to 238,034/. in 1918, 
compared with 80,615. in 1917. 

The new railway, which connects the Federated Malay 
States with Siam, passes through Kedah and Perlis, 
and already is resulting in promising development 
work in both those States. The revenue of Perlis rose 
from 30,913/. in 1917 to 35,8071. in 1918. Coal has heen 
located in Perlis, tin is worked, and had machinery been 
available throughout the past year the rich guano 
deposits might oa been developed and yielded good 
profits. Prospects in these two small Malay States 
are certainly very encouraging, and with a freer movement 
of capital and the advent of enterprising pioneers more 
is likely to be heard of Kedah and Perlis under the 
new regime. 





Memoriat Service at WESTMINSTER ABBEY.—A ser- 
vice will be held in Westminster Abbey on Wednesday, 
June 18, at 12 noon, in memory of the members of the 

rofessional engineering institutions who have fallen 
during the War. Places will be reserved in the choir and 
lantern for their relatives. The service will be conducted 
by the Dean and the Precentor. 





Society or ENGINEERS.—We are informed that at 
a recent meeting of the Status Committee of this Society, 
it was d that members should increase their fees 
(other than those charged as a commission) by 33} per 
cent., and that the fees mentioned in “ Professional 
Practice in Engineering, Part I, Consulting Engineers,”’ 
should be altered accordingly. 





Non-Ferrous Mertars.—The SGovinn particulars 
t) 


are published of the stocks (exclusive of old metal and 
scrap) in possession of the Ministry of Munitions on the 
Ist inst.: Copper, 47,992 tons; spelter, G.O.B., 26,691 
tons; spelter, refined, 11,737 tons; aluminium, 10,919 
tons; soft pig-lead, 119,907 tons; nickel, 3,552 tons 
antimony regulus, 4,500 tons. 


FEDERATION OF BRITISH INDUSTRIES.—With reference 
to the British Manufacturers’ Exhibition in Athens, to be 
held in October and November next, we are informed 
by the federation that there is still some s available, 
but early application therefor is advisable from manu- 
facturers. Among the articles mentioned by the Special 
Commissioner in Athens as being greatly in demand 
are the following: Machinery of every description, 
particularly agricultural machinery, railway rolling-stock 
and dynamos, &c. 





Brittsu Inpustriat “Sarety Fiest” Association. 
—A prize of 20 guineas is offered for a suitable subject 
for a double-crown ter, in colours, to illustrate the 
object of the association, viz., the prevention of accidents 
to industrial workers. If suitable, the selected design 
might be utilised as a trade mark, for advertising, and 
for other forms of publicity. Designs must be delivered, 
not later than Monday, the 30th inst., to Mr. H. E. 
Blain, Hon. Secretary, 31, Westminster Broadway, 
8.W. 1, from whom copies of the association’s prospectus 
may be obtained. The decision of the association on all 
matters affecting the competition shall be final and 
binding, and the prize will only be awarded if a design 
is accepted. 
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INDUSTRIAL NOTES. 


Sraristics of production prepared by the Coal 
Controller's Department were handed in at the sitting 
of the Coal Commission held on Wednesday, the 
4th inst. These stated that the output for the first 
twenty weeks of the current year was at the rate of 
242,000,000 tons per annum, as against 287,000,000 
tons in 1913, the last complete year before the war. 
The average number of men employed during the said 
twenty weeks was 1,111,000, this being the same as 
the average number employed during 1913. The 
percentage of absenteeism through sickness, injury 
or voluntary causes—the percentage of the possible 
number of shifts which could have been worked— 
increased from an average of 10 per cent. in 1913, to 
an average of 12-5 per cent. in the first twenty weeks 
of 1919, and to an average of 13 per cent. for the four 
weeks ending May 24. e average number of days 
per week during which coal was raised decreased from 
5-58 in 1913 to 5-20 during the first twenty weeks of 
1919. The estimated output for the current year, 
on the basis of the average weekly output for the first 
twenty weeks and allowing for the reduced working 
time on and after July 16, is 230,000,000 tons. . If 
calculated on the weekly output for the first twenty 
weeks, the output for the remainder of the year being 
estimated on the average weekly output for the four 
weeks ending May 24, with an allowance of 5 per cent. 
for holidays and stoppages, the figure becomes 
228,000,000. 

Mr. F. Mills, managing director of the Ebbw Vale 
Company, attributed the reduced output to lack of 
effort on the part of the men; there was absenteeism 
in the first days of the week, persistent effort coming 
only in the middle of the week. 

Mr. J. H. Bowden, chief engineer and general 
manager of the Electricity Department, Poplar, stated 
that the public control of electricity supply had pro- 
duced better results in every way than company 
control. Electricity supply, he added, should ulti- 
mately become a department under the Ministry of 
Coal. All coal should. be used at the: pit-head and 
energy transmitted in the shape of current. 

Dr. G. Knox, South Wales and Monmouthshire 
School of Mines, said that in order to prevent the 
present excessive waste: of minerals and to obtain the 
highest efficiency in mining operations, all minerals 
should. be owned or leased by the nation. 

Lord Haldane then gave his opinion as to the 
capability of a Government department dealing 
successfully with the coal mines: should these be 
nationalised. After stating his experience at the War 
Office, he» said that the future of nationalisation 
depended upon the -possibility of good management ; 
if a competent’ Minister could be selected, together 
with an efficient. staff; almost anything might be 
nationalised with impunity. 

Sir William Slingo, engineer-in-chief to the Post 
Office, said that the transfer to.the State of the tele- 
graph and telephone services had been beneficial to the 
community. State employment, however, was not 
an unmixed blessing either for employer or employee. 





At the sitting of Thursday, the 5th inst., Lord 


Devonport said that from his experience in Government 


departments it did not appear to him that the Civil 
Service had the attributes of a first-class commercial 
organisation. The defects were lack of training and of 
experience in business handling and control. 

Dr. Walter Leaf, chairman of the Committee of 
London Clearing Bankers, stated that if nationalisation 
was to be carried out, two essential conditions had to be 
fulfilled if no grave damage was to be done to industry. 
In the first place, there should be a reasonable prospect 
that it would, at least, result in no less efficient pro- 
duction than at present, the cost of coal supplies to the 
industries being at least as low as that under private 
ownership, and, secondly, existing interests. should be 
purchased by the State at a price that would appear 
equitable to the average fair-minded man. 
most important that the export of coal should soon 
be raised to the highest possible level. It was abso- 
lutely essential that our international exchanges should 
be put again on a proper basis, this could only be done 
by our exporting, and coal was among our greatest 
exports, a commodity which could be at once ex- 
ported, without delays arising from adaptation of 
war machinery and the like. It was, therefore, the 
article of commerce to which this country mainly 
looked at the present moment to restore the foreign 
exchange to parity. Until this was done, British 
manufacturers would be at a great disadvantage 
wherever they had to import their raw materials. 

_Sir Hugh Bell, Bart., speaking on behalf of the 
National Federation of Iron and Steel Manufacturers, 
a federation counting 253 members, having an approxi- 
mate wages bill of 21,000,000/. and a nominal capital 
of 110,000,000/., said he viewed with grave apprehension 
the growing tendency to replace the action ot conspnd 


It was’ 





law by Government interference. The experience of 
recent years had by no means strengthened the case 
for extending the scope of Government enterprise 
in the field of competitive industry. The magnitude 
of the coal industry and its vital importance made it 
an unsuitable field for an experiment in nationalisation. 
It would make one-tenth of the male working population 
into direct State employees, and it would not render 
the miners a contented y of men, completely 
satisfied with the distribution of the product of their 
industry. He was gravely apprehensive of the effect 
of nationalisation on our export trade, on which our 
economic welfare was particularly dependent. The 
development of the British steel works during the war 
would give them an annual capacity of 12,000,000 
tons of steel, as against the pre-war output of 7,500,000 
tons, and this meant that the steel trade would make 
a much greater demand upon our coal resources than 
in the past. Further, this country imported from iron 
mines abroad the material for 40 per cent. of our 
production, and those mines had been seriously affected 
in raising and transporting minerals by the shortage 
and high price of British coal. Of all the disastrous 
things that had occurred in the coalfields, added 
Sir Hugh, nothing had been so disastrous as the 
minimum e. 

Sir Lionel Phillips, chairman of the Central Mining 
and Investment Corporation, said his experience did 
not lead him to believe that the State would secure as 
high an output or as low a cost as private enterprise, 
and considered that the probabilities were all against 
the Government managing the industry as well as 
private enterprise. The nationalisation of one industry 
would, as a natural consequence, be followed by the 
nationalisation of all, and the results would be the most 
appalling mismanagement, muddle, political wire- 
pulling, corruption and consequent ruin to the people. 

Mr. D. E. Milne Watson, Gas Light and Coal Com- 
pany, stated that the gas industry was entirely opposed 
to the nationalisation of coal, 





Mr. J. J. Terrett, hon. secretary of the National Food 
Vigilance Committee, member of the National Union 
of General Workers and district secretary of the 
Lancashire and Cheshire Branch of the National 
Democratic Party, gave evidence on Friday last, the 
6th inst., and stated that unless the Miners’ Federation 
Bill was amended the nationalisation of the coal mines 
would be one of the greatest curses that could come 
upon the country. The National Union of Workers 
had not been consulted on the point, whilst the National 
Democratic Party were inclined to favour nationalisa- 
tion, but regarded it as a very great danger unless 
amendments were introduced to safeguard the public. 
If the mines were nationalised there should be two 
governing bodies, one to control production and one 
to represent the consumers and control transport and 
distribution. Mr. Terrett also stated that it was 
generally agreed by trade unionists that the system 
of ballots was an imposture from beginning to end and 
needed reforming. The Bill as it now stood practically 
meant that the nation was going to buy out the mines 
and hand the property over to the Miners’ Federation. 

Mr. C. T..Cramp, president of the National Union 
of Railwaymen, said he and his union were emphatically 
in favour of the nationalisation of the mines; they 
believed that by nationalisation the social status of the 
miners would be raised and housing would be improved. 

Sir Richard Redmayne, K.C.B., Chief Inspector of 
Mines, then gave lengthy evidence on coal-mining 
under its various aspects, including the ownership of 
mines, cases of unknown ownership, instances in which 
owners refused to lease mines, and others in which 
lessors asked for onerous terms, the valuation of mining 
properties, &c. Dealing with the decrease in output, 
he thought that the crowding of the pits by the miners 
returning from the Front did not entirely account for 
this. Other causes which might be put forward as 
contributory to the decrease were the possible back- 
ward state of development of the mines and lack of 
plant ; the probability that the incoming men through 
long absence had not yet got into their stride; the 
fact that so many men were working on the minimum 
wage, which, together with the war wage and the flat 
advance recently granted, allowed of a considerable 
daily wage being obtained without resorting to payment 
by piecework ; and generally the high rates of wages. 
The average miner worked to attain a certain standard 
of comfort, and when that was attained he was satisfied ; 
the higher the wages, the less work was necessary to 
attain that standard, 

Mr. A. Pugh, general secretary of the Iron and Steel 
Trades Confederation, said that the great majority of 
the members of that body were in favour of aviinsiin- 


tion. The coal industry being of importance 
to the community, the State should the controlling 
factor. 





The following resolutions have been passed by the 





Joint Industrial Council for the Waterworks Under- 
takings Industry :— 

“That the week of day-workers shall consist of 
47 hours (exclusive of meal times) except where fewer 
hours are now worked; that where adoption of 
47 hours entails a reduction in the number of hours 
worked, there shall be no reduction in wages; that all 
hours worked above 47 shall be regarded as overtime ; 
that the question of a one or two-break day shall be 
left for local settlement ; and that this working week 
for day workers shall date from the last week of May, 
1919. That for shift workers (that is, those engaged 
in continuous work) a week shall consist of not more 
than six 8-hours’ shifts (inclusive of meal times) ; 
that if the working week now consists of seven shifts or 
six shifts, as the case might be, the total weekly wages, 
exclusive of overtime pay, shall be divided respectively 
by seven or six, and thus shall the daily or shift rate 
be determined. This rate shall be paid per shift, and 
all time worked beyond the six shifts of 8 hours shall be 
regarded as overtime. And that this ment as to 
shift workers shall commence as and from the first week 
of June, 1919. 

“ That payment for overtime shall not run until after 
47 hours for the day men or after 48 hours for the shift 
men have been worked or otherwise accounted for by 
sickness covered by medical certificate or by the 
employer’s permission or instruction to be absent ; 
provided that where a workman is insured under the 
National Insurance Acts, such certificate shall be 
obtained from the man’s panel doctor, or where the 
employing authority has been excepted from the Acts 
under any approved scheme for sickness benefit such 
certificate shall be obtained from the medical practi- 
tioner provided for by the regulations made by the 
employing authority. 

“ That time and a quarter (1}) shall be paid for the 
first 2 hours and time and a half (1}) afterwards ; that 
time and a half (1}) shall be paid for all Sunday work 
reckoned according to local practice ; the foregoing to be 
without prejudice to higher rates where prevailing at 
the present time. 

ont hind a ander th aid emi eh each Welk 
before the usual time or he is recalled after ha left 
work, he shall be paid time and a half (14) for each hour 
worked. 

“ That for the purpose of these resolutions the recog- 
nised national holidays be placed upon the same footing 
as Sundays.” 





Sir A. F. Yarrow, Bart., chairman of Messrs. Yarrow 
and Co., shipbuilders, Scotstoun, speaking last Satur- 
day at a dinner attended b resentatives of the firm’s 
staff, at St. Enoch’s Hotel, G w, indicated that he 
anticipated a decreasing demand for the class of work, 
destroyer building, in which the firm had alised. 
He added, however, that it was inconceivable that a 
works so well equipped should be without ample 
occupation now that hostilities had ceased, and he 
invited suggestions as to the best means of utilising 
the me ens resources, He dealt with the question 
of world competition in shipbuilding, and contrasted 
the conditions in the United Kingdom with those ruling 
in America, Japan and Germany. He further stated 
that from the declaration of war up till the present time 
the firm had turned out 28 destroyers, 28 gunboats, 
3 hospital ships, a floating workshop, and a submarine, 
representing not far from 1,000,000 h.p. They had 
every reason to be gratified that the firm, although a 
small one, had played a worthy part, not only in naval 
advance, for many years, but in adding to the efficiency 
of the Navy during the war. They now to con- 
sider turning out work against a world competition 
such as they had never had to meet before, and one 
which could only be successfully dealt with by keeping 
the cost of production at a minimum, for those who 
could produce the most cheaply would undoubtedly 
secure the trade. British shipbuilders would have to 
compete with the United States, a country composed 
of le possessing energy much above the a > 
and to which country many of our best, both physicall 
and mentally, had found it advantageous to go. Briti 
shipbuilders had to compete also with the Japanese, 
an exceptionally clever body of people. The Japanese 
shipy: were fitted out with the most modern 
appliances. The Japanese were an industrious people, 
and they lived upon rice. Then we had the Gcimen 
competition. Many people in talking about the future 
of Germany loo! u the Germans as out of the 
running, but he cok an exactly opposite view. 
Although their action led them to be i as @ 
nation from one end of the world to the other, their 
character for industry, thrift and thoro’ would 
remain as before. For all these reasons he frankly told 
the guests that he felt this country, from a ship- 
building point of view, had a bad time before it, although 
activity would be displayed during the next 24 to 3 
years in order to make up the losses due to the 
German submarines. He greatly feared that, taking 
this country as a whole, we were not doing the best we 
could either for ourselves individually or for the nation. 
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WELDING MILD STEEL.* 
By H. M. Hosart,t New York, N.Y. 

Tuis paper deals principally with investigations 
undertaken by the Welding Research Sub-Committee 
of the Welding Committee of the Emergency Fleet 
Co tion. The eral object of the investigations 
has to extend the use of welding in the construction 
of merchant ships and, es to provide a definite 
basis for obtaining the economy and efficiency in 


— ing welding in place of riveting in the construction 
of the of such ships. 
Composition o, hip-Plate Steel.—The chemical 


composition of the steel employed in such hull con- 
, struction varies with the thickness of the plates. Through 

the courtesy of Mr. H. Jasper Cox, of ‘‘ Lloyd’s Register 
of Shipping,” the oe information may be given 
concerning the kind of steel plate employed in American 
shipyards in 1918 for the hull construction of merchant 


ships. 

oyd’s requirements do not relate to the chemical 
composition. They required a tensile strength of 
58,000 lb. per square inch (40-75 kg. per square milli- 
metre) for their lower limit and 72,000 Ib. per square 
inch (50-59 kg. per square millimetre) for their upper 
limit. For the information of the committee, Lloyd’s 
obtained from their surveyors at various works data of 
the carbon content, which is as follows :— 


Carbon Content for Plates. 


Works. } In. Thick. 1 In. Thick. 

A. sas ong ase 0-14 0-23 
saat oe eve 0-14 0-25 
Cc - oe o 0-19 0-25 
DD ves coo eee 0-20 0-30 
gp / Upper limit... 0-30 0-35 
* | Lower limit... 0-24 0-29 
v Upper limit ... 0-25 0-30 

| Lower limit... 0-21 0-27 
q J Upper limit ... 0-25 0-35 

| Lower limit ... 0-22 0-28 














For shapes, works H employ :— 
Shapes about 4 in. thick, 0-24 per cent. to 
0:30 per cent. carbon. 
Shapes about 1 in. thick, 0-28 per cent. to 
0-35 per cent. carbon. 


Small shapes, such as :— 
2}-in. by 2}-in. by }-in. angles, about 0-15 
per cent. carbon. 
4-in. by 4-in. by {-in. angles, about 0-20 per 
cent. carbon. 


From several tons of }-in. thick (12-7-mm.) plate 
from the yard of the Chester Shipbuilding Company, 
which was employed in making many sample wel 
in an investigation designated the Wirt-Jones tests, 
seven analyses were made at: the Bureau of Standards. 
The maximum and minimum percentages of each of the 
impurities for these seven samples were as follows :— 


Maximum Minimum 


, Per Cent. Per Cent. 
Carbon 0-25 0-24 
Manganese 0-46 0-45 
Phosphorus 0-043 0-039 
Sulphur ... 0-031 0-027 
Silicon 0-052 0-024 


For this material the Bureau of Standards reports :— 


Yield-point, 38,400 lb. per square inch. 
Ultimate tensile strength, 64,700 lb. per square inch. 
Elongation in 2 in., 31-5 per cent, 


The following manufacturer’s data apply to about 

10 tons of }-in. ship plate supplied by the Worth Steel 

easter of Claymont, Del., and to be used for testing 
ectrodes 





* Report of research under the joint auspices of th 
United States National Research Council and the 


Em Fleet Corporation. 
+ Chairman, Welding Research Sub-Committee. 








Chemical Analysis (Ladle Analysis). 


Per Cent. 
Carbon 0-29 
Yi Manganese 0-37 
3 Phosphorus 0-015 
a. Sulphur S60, és 0-032 
Physical Properties. 
Tensile strength—pound per square 
inch oar | ose eee 67,400 
Elongation, per cent. in 8 in. 25-25 


Another lot of about 1} tons of }-in. and 1-in. ship 
ree kindly furnished to the committee by the American 

teel and Wire Company for the of the com- 
mittee’s researches, was anal, by the Electrical 
Testing Laboratories with the following result, four (4) 
analyses being made for each thickness :— 


Maximum per Cent. | Minimum per Cent. 








4In | 1 In 4 In. 1 In. 
Carbon .. 0-24 0-28 0-22 0-26 
Manganese 0-44 0-53 0-40 0-47 
Phosphorus 0-033 0-03: 0-027 








5 . 

-033 0-028 
The ifications of the American Society for Testing 
Materials for structural steel for ships (serial designation 
A 12 to 16, 98, A.8.T.M. Standards, 1918) are, in 
abstract, as follows :— 


Phosphorus (acid steel), not over 0:06 _ cent. 

Phosphorus (basic steel), not over 0-04 per cent. 

Sulphur, not over 0-05 per cent. 

Tensile strength, between 58,000 lb. and 68,000 lb. 
per square inch. 

Elongation, min. per cent. in 8 in., 1,500,000 /tensile 
strength. 


From the above data we have a good idea of the kind 














| of steel in connection with which it was the committee's 


first and specific task to investigate > 
Two kinds of i are under investigation at 
present :— 
1. Fusion welding. 
2. Spot welding. 


These are totally different kinds of welding. The 
monger icences pig are vc is as while in fusion ——. 
no pressure is employed, the success of t welding is 
entinaly dependent upon the application’ of both heat 
and pressure. For the spot Lge bey thick plates, the 
required pressure is very t. e main features of 
each of t two kinds of welding will now be stated. 

Fusion Welding.—The term fusion welding is employed 
to cover ‘gas ve agp Hires electric-arc welding. Gas 
welding is usuall ted by simultaneously fusing 
with an oxy-acetylene flame (1) the material at and near 
the surfaces which it is desired to join, and (2) some 
material (which is similar in composition) in 
the form of a rod, the tip of which is subjected. to the 
heat of the flame. The oxy- lene flame is directed 
with one hand and the welding rod is manipulated with 
the other hand. 

Electric-arc welding may be subdivided into several 
classes. The two broadest classes are :— 


(a) Carbon-arc welding. 
(6) Metal arc welding. 


In carbon-are welding, an arc is established between 
@ carbon or — electrode (usually a graphite 
electrode) and the two pieces of steel which it is desired 
to join. This graphite electrode is manipulated with 
one hand and a welding rod is fed into the weld by the 
other hand. The manual activities in carbon-arc weldi 
are quite similar to those in gas welding. In neither 
case is it necessary for the material of the welding rod 
to traverse the arc.* 





* Both for carbon-are welding and welding, the 


edges of the parts to be joined sometimes may be 








In metal-arc welding, we find a fundamental difference 
in this latter respect, since in metal-arc welding of mild 
the arc, instead of having a graphite electrode for 
terminal of the circuit, is establi between a steel 
(or welding electrode) and the two steel 
req to be joined. There is always a distance 
of a mati of a tenth of an inch (2-6 mm.) or more 
between the end of the welding rod and the work. This 
bridged by an electric arc. The form in 
which the steel exists during its from one end 
of the arc to the other is at subject of in- 
vestigation by several independent e imenters. 

Their conclusions are awaited with interest. The 
material cannot ~ as a continuous liquid stream, since 
then there could be no interruptions in the metallic 
circuit and hence there could be no arc. It can: pass 
as a series of liquid drops, and these can even momentarily 
short-circuit the arc, the duration of the short circuit 
being too brief to be apparent to the operator or ordinary 
observer unaided by special apparatus. Or the drops 
can be so minute as to be incapable of effecting a short 
circuit. If this should be the case, we can conceive of 
the metal ing as a stream of finely-divided liquid. 
Still another possibility is that the steel may pass as a 
highly-heated gas and condense on the opposite surfaces. 
It is by physicists that, in its passage through 
the arc, the steel may undergo instantaneous transforma- 
tions of which no human knowledge at present exists. 

There would appear to be more of these complex 
possibilities in metal-arc welding than in gas welding 
or in carbon-arc welding. Nevertheless, it is precisely 
metal-arc welding which is at present proying very 
attractive to engineers. It is too early to return a verdict 
as to whether this widespread tendency toward metal-arc 
welding is based on sound premises or whether there 
ultimately may not be a reaction (for certain kinds of 
work) back to carbon-arc welding. It may be that 
there has been undue precipitancy in the gen stampede 
which has taken eg from carbon-are welding (which 
was the first to developed) to metal-arc welding 
which is a later development. 


| 














Fie. 3. 


Spot Welding.—Spot welding, as developed for use 
in ship construction, consists in bringing into good 
contact, by hydraulic or pneumatic pressure, over- 

ing portions of the plates or parts requiring to be 
joined, and in sending through the spot of contact a 
sufficiently large current to heat the plates or parts 
at this point to a welding temperature. The weld is 
effected by the combination of pressure and heat. 

Several large spot welders have been built. With one 
of these (which was an experimental machine), sufficient 
pressure and current were available to weld together 
three l-in. thick plates. The usual construction of 
commercial spot welders for use in shipbuilding is 
similar in general appearance to so-called bull-riveters. 
The spot welder yet built for actual use in ship 
fabrication has a 6-ft. (1-8 m.) gap. This outfit is a 
large stationary machine to which the steel arses and 
shapes must be b: ht. It is planned that bulkheads, 
frames, floors and other parts shall be constructed with 
it and shall then be transported by cranes to their places 
in the ship. This 6-ft. gap machine is designed with 
capacity to weld two } in. thick plates. It provides a 

meumatic pressure of 60,000 lb., and a current of 

,000 amperes, and welds simultaneously two ts. 
each of some 1} in. diameter, in about 30 seconds. ith 
less current a longer time is required, and vice versa. 
This icular spot welder, which is shown in Fig. 1, 
was built by the General Electric Company, and is 
known as a duplex welder. This name is due to the 
feature that two spots are simultaneously welded, the 
current crossing the plate in one direction between two 
electrodes and then back again between two other 
electrodes. Two transformers, one located on each side 
of the plate, are comprised in the outfit. The errenee- 
ment is indicated, diagrammatically, in Fig. 2, in which : 

AA represents the two primaries. 
B Brepresents the two secondaries (which, in the 
actual construction, have only one turn each). 


designed as to obviate the need for any additional 
material; in other words, no welding rod is necessary 
in such cases. 














with the prospect of produci 
(and probably superior) to that obtained by riveting, 
but whe distinctly quicker and cheaper. At that time 
a welded barge was y nearly completed in land. 
The Welding Research Sub-Committee i that 
several American railways had for some time employed 
fusion welding extensively in routine irs of loco- 
motives and that a matter of possibly a couple of 
thousand are welders were at that time employed by 
American railways. The extensive and su use 
of fusion welding for locomotive — in itself con- 
stituted strong evidence of the ability of such welds 
to withstand vibration and shock in addition to their 
proven excellence with t to tensile strength. 

Any doubts entertai: by the committee related 
chiefly to the question of which of many ways in which 
it had been demonstrated that good fusion welding 
could be done, was the best way. Furthermore, as 
regards such mild steel plates as are employed in the 
construction of merchant ships, it was soon demonstrated 
that while sound and quite ductile welds could be 
depended upon for plates of not over } in. thickness, 
there was less certainty of good results with plates of 
greater thickness. But at that time there was no 
general recognition of the most suitable current to be 
employed for welding. It was rare to find more than 
150 am) used, even for the heaviest work, and as 
low as 100 amperes to 125 amperes was found to be 
frequently employed for welding plates of } in. thickness. 

It now has been quite conclusively shown that stronger 
and more ductile welds of } in. thick plates are obtained 
by using at least 200 amperes. The author believes that 
fully 300 amperes should | be used for butt-welding }-in. 
thick plates, and a matter of at least 400 amperes for 
l-in. thick plates. These are some twice as great currents 
as have heretofore usually been employed in arc-welding 
plates of these thicknesses. 

In view of this su uent experience, it is clear that 
the disappointing lack of strength and ductility in certain 
welds of thick plates made nearly a year ago was a 
practically certain consequence of using such small 
currents. 

_It would be easy to yield to the temptation to enter 
discursively upon comments and opinions regarding 
the many points on which experienced welding specialists 
hold widely diverging opinions. All these specialists 
are all producing thoroughly reliable work, but this is 
not saying that they are all producing nearly as good 
work as could be produced under the most appropriate 
conditions for each case. Indeed, the author’s observa- 
tions lead him to the conclusion that while excellent 
arc welding is being done on a wide scale, there is a 
margin for improvement over the t average 
quality, which, so far as it can be expressed by a sort of 
resultant of such physical characteristics as :— 

(a) Bending and torsion tests, 
(6). Tensile strength, 
(c) Elongation at fracture, 

as amounting to at least 25 per cent. 

has attempted to make a list of some of 


work not only fully equal 


may be 
The author 

















the F pgm which are the subject of discussion, and 
(while usually not going at much length into the 
questions), to make reference, in some instances, to the 
views and evidence on each side of a question. It has 
been the author’s thought that such a 
tation might constitute the foundation for an 
discussion 


instructive , 

1. Bare and Covered Welding Wire.—The kinds of 
deathoten elveented dnd eaves used in the art range 
all the way from the cheapest fence wire, ing but a 
few cents per pound (say, at present prices, some 10 cents 
per pound) up to carefully treated and covered electrodes, 
certain types of which cost over five times as much as 
bare Some makes of covered electrodes are, 
however, obtainable at reasonable cost (such as, at 
present pri some 20 cents to 25 cents per ). 
One type of electrode must yield results ‘ormly 
siiperior to those obtained with another type in order 
to afford economic justification for a five times greater 


price. 

2. ing Welding Wire.—As to bare electrodes 
it is y considered that uniformity is very essential. 
An operator may be getting along very nicely but will 
suddenly come to bad places in the wtieg wire. Here- 
tofore it has been considered necessary to reject such 
wire. The claim is now made by some people that 
merely dipping the electrode wire in suitable 
it may be salvaged. Thus in the Welding Committee’s 

ification for electrode wire (given at 531 of 
this paper) occurs a note to the effect that “ If electrodes 
to the above specification sputter or flow unevenly, they 
may be dipped in milk of lime (whitewash) before . 
This dipping may be done in quantity on stock on > 
and allowed to dry, or the welder may keep a of 
solution on hand into which the electrode may be di 
immediately before welding.” This method of salv: 
electrode wire was developed by the Schenectady 
Research Laboratory of the Gen Electric Company. 
Also, it has been demonstrated by Mr. E. Wanamaker 
that the application, by dipping, of a kind of coating 
which he develo (and the precise composition 
of which he will doubtless contribute to the discussion 
of this paper), permits of doing good work with electrodes 
which would otherwise be useless. 

3. Preferable Kind of Covering for Welding Wire.— 
With regard to covered electrodes, while some claim 
that a thin covering obtained by dipping, accomplishes 
the desired purpose, others contend that it is desirable 
to provide a thick covering of appropriate material, 
which, in turn, is suitably imp . Moreover, 
even for covered electrodes, the belief is that the 
greatest care should be given to the composition and 
quality of the welding wire to which the covering is 
applied. In other words, it is not generally held that 
the use of inferior wire salvaged as indica under (2), 
will permit of obtaining the best Fees of welds. It is 
important that the covering shall be so designed as to be 
consumed at a definite rate as com with the rate 
of consumption of the enclosed welding wire. A conse- 








* Excellent discussions of the subject of spot 


welding 

and descriptions of several spot welders built for use in 
ship construction are given in the four following Papers 
General Electric i ber, 1918: 


in The Review, December, 
wr gnoerch in Spot Welding of Heavy Plates,” by 
- L. Merrill, page 919; “ jpot Welding and Some of 


its Applications to Shi 


923; “An Electricall Welded Freigh “oan” by 
s * 2 t 
Jon A. Osborne, page 912; “Some Recenti Devel : 


ments in 


Op- 
Mac for Electric ins 
Substitute for Riveti : by J. M. Wat, woo . 7 





q is that any icular gauge of covered welding 
wire must be used within rather Lay eaten ent 
For overhead welding one exploi covered 
lies a special (and additionally high-priced) 
grade in w! the covering is im with a more 
viscous material than is used for t es which the 
firm lies for other welding operations. 
4. Preferable Composition for Bare Welding Wire.— 
Theos feo queens coven ot Peseta ensy ae Pete 
composition of bore todes suitable for qolding 
mild steel plates. Fe hgemenr gp he en egy  age ay 
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CC and D D represent 'the electrodes between which _—Composrriox or WELpra 
the current flows and between which the pressure 4 aye a : pena 
E E copeumente the two plates to be joined. Trade Designation of Electrode. | Carbon. [sangancee| Phosphor Sulphur. | Silicon. Remarks, 
The chief object _— ry feature Sola eliminate ' ’ <aanee a 
th reactance of @ co: i some 6 ft. Steel and Wire Com _ 
long and 1 ft. wide eo traversed by some 50,000 at a fies - --| 0-01 0-025 0-005 0-025 0-005 
of curren’ This approxi-| Wilson Welders a: m — 
satay 25. volie. 7-9 J. ay Weel. the dasion of inn Grade, No. o ee ee ~~ ee 0-15 0-60 less than | less than Also 0-25 per cent. copper 
machine, rts the interesting fact that the presence ants os 0-04 0-046 
in the gap of the plates to be welded, only the Grade, No. 9 0-30 about | less than | less than 
current some 10 percent. This 6-ft. gap machine weighs 7 to 1-00 0-04 0-04 
6 tons. 0-40 
In some other spot welders of somewhat reduced Grade, No. 8 0-17 0-30 or + less ne 
size and capacity, the duplex feature is not employed, oa “4. & 04 0- 
and only one spot is welded at each application of the Grade, No. 17 0-10 0-30 0-06 0-06 
current. A portable welder of this type (built » | the ee ~~ we to 
General Electric ag age | and having a 27-in. (68-5 cm.) 0-45 
gap, is shown in Fig. 3. This machine weighs only} Quasi Arc Company .. 0-08 0-45 0-00 0:00 0-05 Flux covering of blue as- 
2,800 lb. (1,271 kg.). In this case only one transformer to to ~ F to to bestos fiber (wane meer | 
is employed, and the circuit connections are those shown 0-12 0°55 0 0-06 0-08 -—~ HJ 
in Fig. 4, in which :-— in form of fine wire 
A represents the primary of the transformer. le ng strong 
B represents its secondary. : 0-86 0-082 0-026 0-018 reducing action. 
C and D represent the electrodes. mee ee 0-16 0-01 0-046 | trace 
E and F represent the two plates to be welded. Electric Arc Cutting and Welding Company | 0-25 0-30 0-05 0-05 0-05 
In all spot welders for welding thick plates, the eleo- Siemund Wenzel Company .. oe oe oan — Pep aks trace 
trodes are water-cooled.* under obo under under 
_ _When, in the spring of 1918, Professor C. A. Adams,/ Norway-ironwire .. .. «. ..| 0°05 0-02 0-025 0-007 0-08 
of the Welding Committee of the Emergency Fleet/ Double Arc Company, of England .. .-| 0-085 0-35 — 0-054 0-108 | Flux covered. 
Corporation, appointed several of us to be members of| T. Scott Anderson Company, of England...) 0-057 0-32 — 0-026 0-014 | Flux covered. 
a Welding Research Sub-Committee, we found ourselves| E. A. Jones and Co., of England .. «| 0-22 0-25 0-001 0-026 0-024 Bichel-giates and flux 
facing a task of great interest and importance and of vered, 
enormous magnitude. It was desired that our investiga- | @agineering and Equipment Company, of | |, 0-61 e on a 
tions should be directed chiefly to the application of} Central Steel and Wire Company— : 
welding = SS of Fn hulls of merchant as ee die ext: oa on 0-05 0-18 0-04 — = 
ships. M interior work on ships was alread: i jpencer Wire Company— 
on. wer aelal nil with pan od welding, vy being Basic open-heart ste electrode 0-06 0-12 0-013 0-03 a 
appeared strongly indicated that the time was ripe A. 5 a 2 B.S 
for the extension of the application to the hulls of ships, 








consists of almost pure iron, other have nearly 
two-tenths of 1 per cent. of carbon one-half of 1 per 
ve By en ont ee see run very much, 

t this in manganese. is is quite aside 
from the subject of lal i 


: compositions for i 

high-carbon steel for i cast-iron. It 

anticipated that quantitative measurements will indicate 

superiority in tensile for some compositions 

and superiority in ductility for other compositions. 

nm oy Ny has exhibited ae ductile welds 
ie wit) containi percentages of 

magnesium and of boron ak. 

been evailatle say specifications for wee in establishing 
avai an: i i or use in estab! 

the merits of ing wire Thane. cre now veloute 

tee’ 


in the Welding Committee's on setting forth 
a “‘ Standard Procedure for Teating Welding Electrodes.”’ 


fed pene pommel cy Appendix A to this 
eg by the Welding Sub- 

mmittee in ration with Professor H. L. Whitte- 
more, the Bureau of 8 with 


and 
ae manufacturers of welding electrodes. 

Table I are given the compositions of various 
in current use. Prior to publication, the data 
in this table was submitted to the manufacturers con- 


does not as yet seem to be an agreement as to the most 
advantageous chemical composition for electrodes, and 


the company is not either from observations 
of the results ob by its customers or from its own 
e i tal work to make a definite reco 


Welding Committee has issued the following 

e ittee has i t 

specification for electrode wire for electric welding. The 

hE was prepared under the immediate direction 
Mr. Herman Lemp :— 

SPEcIFICATION OF ELECTRODE 
WeEtpInc mm CoNnNECTION WITH 


STEEL. 
Welding Committee Emergency Fleet Corporation, 
Revised to December 20, 1918. 


(Note: This wire may or may not be covered.) 


Wire ror ELEectraic 


Mip 














1. Oh | Compositi 

Per Cent. 
a ove eee «+» Not over 0-18 
ous ese ose a 0-55 
Phosphorus ... gee ose a 0-05 
Sulphur ove ove ove ” 0-05 
Silicon ae op oon ma 0-08 

2. Sizes and Weights.— 

Dia r, | Di ter, in Fracti unds per | Feet per 
in Mils. of an Inch. 100 Ft. 100 Lb. 
125 + 4°16 2,400 
156 6-51 1,535 
188 % 1,066 











(Allowable tolerance 6 mils plus or minus.) 
3. Material.—The ial from which the wire is 


mesutoctued shel be pate hy sey sppsoved . 
4. Physical Propordias Perda Wike to "be of uniform 
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homogeneous structure, free from oxides, pipes, seams, 
&c., as proved by photomicrograph 

5. Wor! ip and Fimsh.—(a) Electric welding 
wire shall be of the quality and finish known as the 
“Bright Hard” or “Bright Soft” finish—“ Black 
Amnealed” or “ Bright Annealed” wire shall not be 


(6) paces Be he Rue 50m eee, 8 a2 geen 
@ slight @tmeunt due to lubrication during last wing 
is 





. Teste. must, before shipment or after 
delivery, show g00d@ commercial weldability when tested 
an i welder. The electrode material 


ere ‘ 
flow smoothly in telatively small particles through 
detrimen if henomena 


the arc without any tal p . 
Note.—If electrodes to abéve ifications sputter or 


flow unevenly, they may be in milk of lime 
(whitewash) before a ipping may be done 
= quantity cn stock on d ed to dry, or 
we may keep a pot of solution om into which 
= electrode — a wi 

. Delivery, a 
be furnished in 4 


opine “eeprodes shall 
t lengths of either 14 in. or 28 in., 
= in ae of 50 Ib. 7 100 lb., as ordered. Eac 
undle shall be wra; in heavy paper securely wired 
and marked on ae wed chewing Sionneten in mils, 
— — and oere of wire. shes we 
q ition of Metal Deposited in —A 
analyses ~_ been made of chemical compositions of 
the metal deposited in the weld. Results of the analyses 
of four sets of electrodes before and after the metal was 
deposited are quoted below from the Westingh 


h | is more readily held oe cycles t 


welding may be done with al current as well as 
with direct current. It is a little more difficult to hold 
the arc, but this simply resolves itself into a ane: of 
practice. Men who have been regularl ing arc 
welding with direct current, very quickly learn how to 
handle the alternating current arc.” At present there 
eapsee to be 0 See oe te he sage. 
ternating current to carbon-arc welding. 
8. Periodicity for Alternating-Current Arc Welding.— 
Am the advocates of the use of alternating current, 
there is no agreement with reference to the periodicity. 
Although it is generally maintained that arc ing is 
only thoroughly practicable with as high a periodicity as 
50 cycles or 60 cycles per second, there is, on the other 
hand, expression given to the opinion that the use of 
25 7o* or less, is equally satisfactory. In October, 
1918, Mr. R. E. Wagner reported to the Weldi 
Sub-Committee, that at the Pittsfield wo of the 
General Electric Company he had found from his tests 
that alternating current for arc welding could be used 
with a frequency as low as 12} cycles and as high as 
500 cycles. Mr. Wagner states that while there is no 
difficulty at either of these extreme periodicities, the arc 
at 12} cycles. 
9. Bare or Covered for Alternating-Current 
Are Welding.—While some maintain that arc welding 
with alternating current is only at its best when flux- 
covered electrodes are used, it appears to have been 
eonclusively demonstrated by others that excellent results 
@®e being obtained under commercial conditions with 
bare » electrodes and an alternating-current supply. 





chapter in Captain Caldwell’s report. To these results 
are added analyses of Toncan wire as supplied to the 
author by Mr. R. E. Wagner. 


Analyses of Electrode—Per Cent. of Impurities. 








Man- Phos- 

_- Carbon. | ganese. | phorus. | Sulphur.| Silicon. 
Roebling 0-16 0-56 0-032 0-024 0-016 
Norway 0-049 0-021 0-025 0-007 0-08 
Cc. R. 8. 0-11 0-72 0-097 0-123 0-011 
H. BR. 8 0-13 50 0-012 | 0-045) 0-011 

to 
0-17 
Toncan 0-10 0-16 0-010 | 0-046 | trace 























Man- Phos- 

_ Carbon. | ganese. | phorus. | Sulphur.| Silicon. 
Roebling 0-05 0-18 0-031 0-036 0-011 
Norway 0-05 0-018 | 0-020} 0-072 0-011 
Cc. R. 8. 0-05 0-11 0-086 0-072 0-011 
H. R. 8. 0-14 0-14 0-012 0-039 0-011 
Toncan 0-042 0-081 0-019 0-026 0-000 








It is notable that most of the carbon and manganese 
is burned out in traversing the arc. 

6. Polarity.—For carbon-are welding, the standard 
practice is to connect the graphite electrode to the 
negative terminal. Mr. Wagner states as his experience 

it is very difficult to weld with the carbon arc 
when the polarity of the carbon is itive. He states 
it to be almost impossible to direct the heat to the point 
desired, and the welding qualities of the arc under this 
condition are very poor. He concludes: ‘Our ex- 
perience has taught us that it is next to impossible to 
weld with a carbon arc unless the work is positive and 
the © negative.” 

For metal-arc welding with bare wire, the electrode 
is usually connected to the negative terminal, but 
instances occur of bare ing wire which works best 
when the opposite polarity is employed. Also for some 

icular sizes and sorts of welds best results are some- 
times obtained by a reversal of the polarity. With 
electrodes heavily covered with flux, the positive terminal 
is almost ~~ connected to the electrode. Plenty of 
more or less plausible reasons for these differences have 
been offered on various occasions. On careful reflection 
none of these reasons prove icularly satisfying. 
Amongst other considerations the fact of the entire 
practicability of arc welding from an alternating-current 
circuit and of overhead welding have to be taken into 
acovunt in judging some of these explanations. As yet, 
we have no satisfactory hypothesis as to what goes on 
in w arc. 

1. Direct Current versus Alternating Current for Arc 
Welding.—While up to rather recently it had usually 
been contended that arc welding required a direct-current 
supply, there are now many advocates of alternating 
current. Mr, E. H. Jones, in the course of the discussion 
of Major James Caldwell’s paper, entitled “‘ Notes on 
bg me | Sy: ” reac on January 22, 1918, before 
the Institution of Engi and Shipbuilders in Scotland, 
stated: “He wo like to take this opportunity of 
drawing attention to the undoubted merits of alternating 
current for arc welding. For some reason which he was 
unable to fathom, the general impression was that direct 
current was superior to alternating for arc welding, but 
as a matter of fact he found that al current 
was far superior to direct current, and he id recom- 
mend the use of alternating current on every possible 
occasion. Apart entirely from the capital outlay needed, 
which was vastly higher in the case of direct current, 
the control of current was much easier to effect. 
- +.» He estimated that the amount of current which 
would be necessary to feed 20 with direct 
current would suffice to feed 28 with alternating current.” 

Mr. R. E. Wagner’s experience is as follows: “‘ Electric 





A pe tae more ey learn ba —_ from Jn. 4 _ 
nai mt supply if he em 8 flux-cov elec- 
trodes. But if ny ultimately learn to weld just as 
rapidly wmd successfully with bare electrodes, the 

ifficulties z Be! initial stages of his education should not 
be regarded a8 being of much consequence. Mr. Wagner 
finds that when welding with alternating current, 
“manipulation May be simplified in many cases by 
treating the electtede with a thin ting of ordinary 


lime.” 

10. Relative S @f Alternating-Current and Direct- 
Current Arc Welding..®o0me contend that alternating- 
current welding is slowet. As an inst of a di tri- 
cally opposite experi the following recently-received 
record of test of a certain electrode may be quoted :— 

“Its operation on 140 115 volts alternating 
current is very good. It works satisfactorily on 
130 am 75 volts direct cuffent, but the metal flows 
more ly on direct current than on alternating 


current.” 
The record concerning anothé? type of electrode 
follows: “This 


tested on the same occasion, reads 








electrode was tried on 4-in. plate, 180 amperes, direct 
current, 75 volts. Its tion is ry. It also 
works satisfactorily at 140 amperes, al! ting current, 


115 volts, but its operation on alternating eurrent is not 
quite as good as on direct current.” 

Mr. R. E. by omy who has had much t@ do with the 
pages nee o th pe pe Sing eith g states ape “on 
the average the speed o' ing with alterna’ current 
and direct current are about the same. We have Had 
cases where alternating current is faster, and vive versa.” 

11. Comparative amy Arc Welds made with Alter- 
nating Current and with Direct Current.—It is contended 
that the greater difficulty of maintaining an al . 
current are (involving the necessity of acquiring the 
to hold a very short arc), entails as a consequence t 
an ey ee weld is of superior quality. An 
experienced observer reports his experience as follows 

‘Tests made have demonstrated conclusively that 
it is possible to do as good, or —— better, welding 
with alternating current as with di current. No 
decided difference has been noticed between 
made with alternating current and those made with 
direct current, but the welder who did most of the 
alternating-current welding says that in his opinion the 
alternating-current welds are better than the direct- 
current welds. This same opinion has been expressed 
by the machinist who made repairs on a tank 
welded with alternating current. He said that the weld 
metal was better, more dense, and had fewer blowholes 
than a direct-current weld.” 

But an opinion from another authority of great 
experience in arc welding is as follows: “‘ As regards the 
strength of an alternating current weld there is not the 
slightest doubt that a ter strength can be gotten on 
@ test-piece if that is all the work the man is going to do 
for some time. The facts, however, are that as the man’s 
hand becomes fatigued in hol the al: ing-current 
arc, his consequent breaking o 
frequent, which means less strength 
Sage Se We en, 6 Sas ages St TaD Ue Se 


12. Consideration of the Power Factor for Alternating- 
Current Arc Welding.—A view presented with consider- 
able persistency is that the low power factor associated 
with alternating-current — leads to capital and 
operating costs off-setting any advantages. One answer 
made is to the effect that since for ship welding on an 
extensive scale, motor generators are required, thi 
affects the and its circuit and does not affect 
conditions as regards the motor or the circuit from which 


it is — 
13. Consideration of the Circumsta: that Alternati 
Current Arc Welding ts Essentially a Single-Phase Load.— 


























installation. In most cases it will be necessary to arrange 


for the welding to constitute a single-phase load and 
ision to obtain satisfactory 


service a eee , me 

Regarding the possibility of improving t ower 
factor, Mr. W. 8. Moody makes the followi oo 
suggestive statement :—* 


Where a number of arcs are to be used within a 
reasonable distance of each other, the series system may 
be used. In this arrangement the of an 
ordinary constant-current transformer supplies current 
to the primary of all the welding transformers in series. 
transformers insulate the welding 
tus from the series circuit and transform from 

series current to current of proper value for the arc. 
In this case the inherent reactance of the series trans- 
former is low, but other features of the design aro the 
same as those discussed above. The power factor of 
such a system can be safely made much higher than 
where individual arcs are operated in multiples from 
constant potential circuits.”’ 

14. Spot Welding is a Single-Phase Load.—Mr. J. M. 
Weed, who has had a great deal of experience with !arge 
spot welders, has kindly written the following paragraph 
on this subject :— ; 

“For welding plates from § in. to } in. in thickness, 
the single-phase currents required would be from 30,000 
amperes to 50,000 amperes, and the k.v.a, required at 
60 cycles would between 300 and 900 at power 
factors of from 0°35 to 0-50. These low r factors, 
combined with the fact that this load would be for short 
periods at very frequent intervals, would make it decidedly 
undesirable ‘com the central station standpoint. The 
condition would be much improved at 25 cycles, as the 
same machine w: operate equally as well at 25 cycles 
as at 60 cycles, with about half the k.v.a. and about 
double the power factor. The intervals of operation 
would, however, be the same as for 60 cycles. If, how- 
ever, @ motor generator set, with suitable flywheel 
attached, be provided for operating these machines, 
these disadvantages are all practically eliminated, this 
arrangement being such that the motor stores up energy 
in the flywheel during the interval of no load, the flywheel 
supplying a large part of the energy during the period 
of vaio, By this means, for instance, a single-phase 
load of 900 k.v.a. at 0-50 er factor for 30-second 
periods and with intervals of 14 minutes between periods, 
would be converted to a ag mpd continuous three- 

approximately 200 k.v.a. at about 0°85 


15. Ductility of Arc Welds.—Attention has been 
inaciously drawn to results of a very few tests 
which have a to indicate that metal-arc welds 


deficient in ductility, yet the 
before it the results of many 
well-authenticated tests of ductile metal-arc welds. — 

It has been claimed that gas welds are more ductile. 
On this matter Mr. R. E. W r writes :— : 

“At several meeti the Welding Committee 
special stress has weeny Ale to bear on the bending 
qualities of acetylene and gas welds. We have done 
some experimenting with a acetylene and arc 
welders, and our impression is, that the acetylene and 
arc welds are in the same class with respect to bending. 
I submit herewith (see Fig. 5) a Cpe re showing 
comparative bends in acetylene and arc-welded joints, 
both welds were taken from }-in. plate, and both samples 
were bent under the same conditions, that is, the ee 
edge of an le iron was placed along the weld 

ressure applied to the angle iron to make a sharp bend. 
These, It , are average comparative Mm. 2 s.s 
As far as our experiments are co! , we feel, as 
tegards physical characteristics, that acetylene and 
welds are in the same class.” ; 

16. Respective Fields of Gas and Electric-Arc Welding. 
—On this subject, under date of October 22, 1918, 
Mr. R. P. Jackson, of the Westinghouse Electric and 
Matufacturing Company, reports to the Welding 
Research Sub-Committee as follows :— 

“With reference to the comparative uses or fields of 
gas iid electric-arc welding which came up st the last 
meetiig, it was thought it might be well for some of us 
to e our opinions on the matter based on our 
cxpariliine with both kinds of welding. In general, 
we havé found gas welding to be more satisfactory for thin 
material, say, $4 in. and under, and for general repair 
work, p&tticularly where various kinds of steel and 
cast-iron &re involved. For example, if repairs have 
to be mate on broken machinery, lugs rebuilt, pieces 
attached to high-carbon steel and work of this character, 
then the gas-welding methods are superior and the 
extra cost not ordinarily prohibitive. en it comes, 
however, to depositing a large amount of metal end 
welding up étructural steel or plates of } in. thickness 
and upward, the results obtai t- 

on “Welding rao and certainly cleaner 
to the gas ing work inly cleaner. 
too, the finish of gas welding is more regular 
and better looking, and where that is a consideration it 
may give preference to gas. In fact, in the ‘Westinghom 
factory at East Pittsburgh, there has been considerably 
more gas work done than electric, but the electric are 
welding is on the increase, not so much in displacing gas 
as in displacing riveting.” SS 
4 Fs view taken from a gas-welding publication is % 
‘ollows :— 

“The arc process is chiefly used for filling up blow- 
holes in large steel or iron castings and building M4 
worn surfaces which have not to be machined. With tt 
process the results obtained are somewhat uncertain, 
and it is generally conceded, from the vital question 
of cost, that fusion prod by the burning of gases 
is to be preferred to the electric process. Welds made 


* General Electric Review (December, 1918), 937. 
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TABLE IL—COMPARATIVE COSTS OF WELDING BY OXYACETYLENE AND ELECTRIC ARC. 
Oxy-acetylene. Electric Arc. Oxy-Acetylene. Electric Are. 
Thickness Gas per Hour, 
of Metal, Cost for Iron Wire Labour Power per Foot Run. Labour Total Total 
Inches. Gas per for Filling, per Foot per Foot Cost of Electrodes Feet Run | Cost per | Feet Run | Cost 
Oxygen, Acetylene, | Foot Run, Pence. Run. Run, per Foot Run, Pence. | per Hour. | Foot tun, per Hour. | Foot 
Cubic Feet. | Cubic Feet. | Pence. Volts. | Amp. | Kw. Pence. Pence. Pence. 
vs 3 2-0 0-116 0-131 0-40 100 30 0-075 0-3 12in, No, 12 = 1-2 30 0-647 40-0 1-575 
: 9 6-3 0-77 0-196 0-856 100 75 0-312 0-5 18 in. No, 12 = 1:8 14 1-822 24-0 2-612 
* 18 9-0 1-72 0-262 1-33 100 100 0-50 0-6 24 in. No. 10 = 2-64 9 3-312 20-0 3-74 
7 17 13-0 2-70 0-250 1-50 100 140 0-70 0-6 22 in. No. 8 = 3-6 8 4°45 20-0 4-00 
ts 27 16-0 4-21 0-327 1-714 100 110 1-10 1-2 12 in. No. 10 } = 4-02 7 6°25 10-0 6-32 
18in. No. 8 
i 34 24-0 6-82 0-458 2-00 100 120 1-61 1-61 18 in. No. 10 } = 5°58 6 9-278 7-4 8-802 
24in. No. 8 
ve 41 29-0 9-90 0-655 2-40 100 120 2-00 2-0 24 in. No. 10 } = 8-04 5 12-955 6-0 12-04 
36in. No. 8 
: 48 34-0 14-50 0-786 3-00 100 120 2-40 2-4 80 in. No. 10) _ 9-6 4 18-286 5-0 14°40 
42in. No. 8 
Labour taken at 1s. per hour. Labour taken at 1s. per hour. 
Oxygen taken at $d. per cubic foot. Current taken at 1d. per B.O.T. unit. 
Acetylene taken at 1d. per cubic foot. Electrodes, No. 10, 1-32d. per foot ; No. 8, 1-8d. per foot ; 
Iron for fill‘ng taken at 0-1314 per foot. No. 12, 1-2d. per foot. 
The 4 3 figures are based on British Oxygen Company's 
standards. 

















by the electric process are sometimes rough, hard, brittle 
and unworkable—in most cases this is highly objection- 
able, but not always so. With any fusion method of 
welding, annealing of the metal adjacent to the weld is 
desirable. It is impossible to do this ing with an 
electric welder, but with gas welding the blowpipe 
flame can be used for heating up the metal i 

the welded part, and also for heating metal away from 
the weld, so as to counteract any strains that may be set 
up in the piece as the weld cote off. There are certain 

, of work for which electric welding is the most 
suitable ga and, on the other hand, there are man 
c of work where it would be most impractical, 
and which can be done satisfactorily only with gas 
welding. For general workshop use, a gas-welding 
outfit is far better, not only because of its greater economy 
in installation and operation, but also because of its 
wider range of usefulness.” 

In the absence of any experience to the contrary 
this latter view appears fairly plausible, and it is natural 
that it should have received wide acceptance. But an 
enormous volume of pene in arc welding has 
gradually accumulated and it controverts the correctness 

the view. Unfortunately the experimental data 
available on the subject of gas welding is surprisingly 
meagre. The Welding Research Sub-Committee has 
concluded that there is practically no test data from 
which it can draw any safe generalisations as to the 
mechanical characteristics of gas welds, and that it will 

necessary to embark upon its own investigations 
to obtain suitable data. J se 

Gas welding was an established art before there was 
ny large amount of electric welding. This was still the 
state of affairs in England until shortly before the author 
was there in the autumn of 1917. But the war conditions 
had occasioned in England such a shortage of supplies 
of pxygen and carbide that the Government, as a war 
measure, practically forced the wide substitution of arc 
welding for gas welding. The British Government, in 
entering upon this policy, had relatively little concern 





. 5. 


welding as rapidly and generally as possible. Major 
Caldwell provided the author with the results of his 
investigations into the relative costs of gas and electric- 
arc welding. These results, which co: md to con- 
ditions in ber, 1917, are set forth in the following 
Table II. 

From Table II it is seen that electric-arc welding was 
found to be a faster process for all thicknesses of steel. 
The British Admiralty results furthermore indicate the 
economic field for the two methods. The verdict from 
the data in the table is in favour of gas welding for 
thin plates and of electric-arc welding for thick plates. 
But the comparison is based on the very high cost of 
electrodes set forth below :— 








Feet per Pound 
Standard Cost in Cents Cost in Cents 
Wire Gauge. per Foot. a a mt per Pound. 
Number 8 3-6 15 54 
Number 10 .. 2-6 23 60 
Number 12 2-4 35 84 








By substituting a typical American price for labour 
and substituting the cost of bare electrodes, such as are 
used with entire success in America, in place of the cost 
of flux-covered electrodes of the expensive employed 
in arriving at the results set forth in the table, the revised 
results show a lower cost for arc welding than for 
welding for all thicknesses above yy in. The question 
of the quality of the weld is another matter, but judgi 
from the tation of the work of all sorts done 
by gas welding and by electric-arc welding, they are both 
thoroughly reliable. No more exact comparison can be 
made till we have carried through to completion, really 
elaborate tests of gas welds in order to permit of making 
a sound comparison with the large amount of research 
data already obtained with electric-arc welds. 

In to a request for his opinion as to the 





as to the com tive merits of the two methods, t 
im so far as that any merit or advantages found to be 
Hor her mpager with are welding would naturally assist in 
ringing about its use in place of gas welding. 

t was, however, with considerable ise that it was 

as compan dat the true sconomic field for aro weld 

pared with gas welding was a very wide one, 

— simply due to inertia and tradition, engineers had 
er continuing in the contrary belief. Major James 
aldwell, of the Admiralty Controller’s Depinen, had 
wide responsibilities in this task of su ituting arc 





respective fields for gas and electric-arc welding, Mr. R. E. 
Wagner, of the Pittsfield works of the General Electric 
Company, writes as follows: ‘‘ The present well-tried 
field for electric-arc welding is confined entirely to welding 
plates and forms, and a great deal of work has been done 
on plates varying in thickness from 7 in. to Zin. U 
te 5 ie. pte, We ont St a eee 
about the same. Beyond this, the cost is in favour of 
the electric process. No difficulty Se in 
machining electric welds made with the c electrode. 
While it is recognised that the electric welded-in material 





will not stand bending equal to that of the plate in which 
it is deposited, it is on the average equal to gas-deposited 
material in this respect.” 

17, Relative Ductility of Arc Welds made Res i 
with Bare and Covered Electrodes.—By some authorities, 
ductility is believed to be most yer 4 obtained b 
employing flux-covered electrodes. On the other ° 
the committee has knowledge of several kinds of bare 
electrodes of various compositions which, in competent 
hands, make reasonably ductile welds. 

18. Speed of Arc Welding.—aAll sorts of values are 
given for the speed, in feet per hour, with which various 
types of joints can be waiel Operators making equally 
good welds have widely varying degrees of proficiency as 
regards speed. Any quantitative statement must conse- 
quently be of so guarded a character as to be of relatively 
small use. In general, and.within reasonable limits the 
speed of — will increase considerably when larger 
currents are employed. It ap reasonable to estimate 
that this increase in speed will probably be about 25 per 
cent. to 35 per cent. for high values of current. i 
increase is not directly proportional to the current 
employed because a greater proportion of time is taken 
to insert new electrodes and the operator is working 
under more strenuous conditions. Incidentally, the 

tor who employs the larger current will not only weld 
vend but the weld will have also better strength and 
uctility. 

On this point Mr. Wagner writes as follows: “I would 
not say that speed in arc welding was proportional to 
the current used. Up to a certain point ductility and 
strength improve with increased current, but when these 
conditions are met, we do not obtain the best speed due 
to increased heating zone and size of weld puddle. 
Speed may fall off when current is carried beyond 
certain points.” 

In a research made by Mr. William Spraragen for the 
Weldi Research Sub-Committee on several tons of 
4-in. thick (12-7-mm.) ship plate, the average rate of 
welding was only 2 ft. o-8 m.) per hour. Highly- 
skilled welders were employed, but they were required to 
do the best possible work, and the kinds of joints and 
the particular matters under comparison were very 
varied and often novel. 

However, in the researches carried on by Mr. Spraragen 
it was found that about 1-9 lb. (0-8 kg.) of metal were 
deposited per hour when using a ,, in. (3-9-mm.) bare 
electrode and with the = in a flat position. The 
amount of electrodes up was about 2-7 lb. per hour, 
of which approximately 16-5 cent. was wasted as 
short ends and 13 per cent. burnt or vaporised, the 
remainder being deposited at the speed of 1-9 lb. per hour 
mentioned above. 

For a 12-ft. cube tank of }-in. thick steel, welded at 
Pittsfield, the speed of welding was 3 ft. hour. The 
weight of the steel in this tank was 16, lb., and the 
weight of electrode used up was 334 lb. of which 299 lb. 
was deposited in the welds. The total ing time was 
165 hours corresponding to using up é) es at the 
rate of just 2 lb. per hour. The total length of weld 
was 501 ft., the weight of electrode used wu = foot 
of weld thus being 0-60 lb. The desi of t is tank 
comprised 18 different t: of welded joint. Several 
different operators worked on this job, and the average 
current operator was 150 amperes. 

For the British 125-ft. long cross-Channel barge for 
which the shell plating was com of }-in. and ¥,-in. 
thick plates, in Mr. H. Jasper Cox’s paper, read before 
the Society of Naval Architects on November 15, 1918, 
and entitled “The Application of Electric Welding to 
Ship Construction,” it is stated that: “ After a few 
ini difficulties had been overcome, an average speed 
of welding of 7 ft. hour was maintained, including 
overhead work which averaged from 3 ft. to 6 ft. per 


In a report appearing on page 67 of the Minutes and 
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Records of the tong | Research Sub-Committee for 

June 28, 1918, Mr. O. A. Payne, of the British Admiralty, 

states: “A welder could weld on about 1 lb. of 

metal in an hour with the No. 10 quasi-arc 

using direct current at 100 volts. An electrode con- 
i about 14 oz..of metal.is used up in about 

3 minutes, but this rate cannot be kept up continuously.” 





The Quasi-Arc Comp publishes the following data 
for the of arc welding in flat position with butt 

joints, a 60-deg. angle and a free distance of } in. 
Thickness of Speed in Feet 

Plates. per Hour. 

in. ese ose ete 30-0 

in, oes ose vee ose 18-0 

in. eos om em aoe 6-0 

1 in. eee eee 1-3 


I cannot, however, reconcile the high speed of 
}-in. plate published by the Quasi-Are Company as 
6 ft. per hour, with the report given by the British 
Admiralty that a good welder deposits 1 lb., of metal 
per hour with the quasi-arc electrode. If the rate 
given by the Quasi-arc Company is correct, it would 
mean that about 4 lb. of metal were deposited per hour 
On this basis the rate must have been computed on the 
time taken to melt a single electrode and not the rate 
at which a welder could operate continuously, allowi 
for his endurance and for the time taken to insert f 
electrodes in the electrode holder and the time taken 
for cleaning the surface of each layer before commencing 
the next layer. From his observations the author is of the 
opinion that a representative rate for a good welder lies 
about midway between these values given respectively by 


welding 


Mr. Payne and by the Quasi-Arc Company, say for 
}-in. plate some 2 lb. per hour. This, it will be observed, 
agrees with Mr. Spraragen’s experience in welding up 


some 6 tons of }-in. plate with a dozen or more varieties 
of butt joint and Mr. W *s results with the 8-ton 
tank. Even this rate of 2 lb. hour is only actual 
time of welding operator after his plates are clamped in 
position. This preliminary work and the preparation 
of the edges, which is quite an undertaking, and requires 
other kinds of artisans, accounts for a large amount of 
time, and should not be underestimated. 

The tice heretofore customary of stating the 
speed of welding in feet per hour has led to endless 
confusion, as it depends on t; of joint, height of weld 
ey pam ye A muc ee —~ yo to express 
t of welding in pounds of me eposi per 
hour. Data for the pound of metal deposited per hour 
Is ually becoming quite definite. The pound per 
foot of weld of me ty oy aot Et 
readily calculated from the drawi or specifications. 
With the further available Sequtelie of the a 
waste in electrode ends and from other causes, 
required amount of electrode material for a given job 
can be estimated. 

(To be continued.) 





FURTHER EXPERIMENTS ON'STRESS DE- 
TERMINATION IN FLAT STEEL PLATES.* 
By J. Monrcomerrisz, D.Sc., Member. 

Tue research of which this paper gives the results had 
for its object the obtaining of accurate information in 
regard to the conditions of stress and strain existing in 
flat plates of mild steel firmly fixed at the and 
exposed to uniform tongs ressure over their un- 
supported surfaces. special reason which impelled 
attention to this subject is to be found in the lack of 
information which existed and still exists in regard to 
the magnitude of the stresses sustained by the shell plating 
of ships, and by watertight and oiltight bulkhead plating 
when exposed to water Pao At the meetings of the 
Institution held in 1917 the present writer presented a 
paper on this subjectt which gave the results on one of 
the series of plates e imented on, the thickness of 
which was 0-73 in.; the present paper communicates 
the results on the other plates and attempts some 
deductions from them. To the former paper members 
are referred for detailed information in regard to the 
bibliography of the subject, and methods of measurement, 
but in order to attain completeness of presentation it 
will be necessary to recapitulate in some degree what 
has already been written on the subject. 

The objects aimed at are stated completely as follow : 

1, The production of conditions of fixity along the 
edges which should approximate as closely as xe. 7 to 
those upon which the theory of the subject is based. 

2. A determination of the stress conditions for values 
well below the elastic limit, and to this end to secure : 

3. Methods of measurement of deflection of as delicate 
@ nature as possible, excluding optical methods of types 
which are not self-contained. 

4. The determination of the actual principal axes of 
strain for various points on the plate and, by actual 
measurement, to find the strain along those axes. 

Four plates were accordingly obtained of ordinary mild 
steel quality with surface as delivered from the steel 
works, and of thicknesses aporoximating to } in., } in., 
4 in., and } in., respectively. 

The plates were calli 





The methods adopted to secure fixity at the edges have 
already been described and can be observed on Fig. 1, 
The rigidity of the frame was tested by means of a 
mirror placed on its upper surface. © movement 
of the spot of light at 18 ft. distance could be detected 
at @ pressure of 50 lb. per square inch. 

The ts for taking observations of 
deflection have also — described, and are illustrated 
on Fig. 2, page 787. In the case of the }-in. plate, 
however, it was n to devise an arrangement of 
much greater delicacy than that previously shown. 
This is illustrated in Fig. 3, page 787. A is a glass tube 
containing m associated with B, a glass tube in 
connection with the pressure - line. An air cock D, 
was provided to isolate Aand B. To prevent the water 
in B from invading the tube A under pressure, an ordinary 
bicycle force pump was provided which was used to 
confine the head of water in B within convenient limits. 
The arrangement was calibrated, and a scale representing 
pressure in terms of the heads of mercury and water was 
affixed to the wood stand C. 

In the case of the }-in. plate, the procedure was to take 
a zero reading, then to bring the pressure to a maximum, 





This gives a quadratic in © os follows :— 

a r 
[a oo Gan: 
"°F (Gs dye dz’ dy dz.dy}) 

Station 46 at the centre of the plate was taken as the 
origin, the line 46-88 the axis of X, and the line 46-49 the 


: dz dz dz d2z d2z 
axis ot Wiis Welle an case: ee ~ ental 
of Y © valu were dy dad dz.dy’ 


were obtained age ee from the contours plotted on 
a large scale. The disadvantages of this method were 
appreciated, but it did not appear that any other method 
of analysis was superior to it. The graphic method 
possessed the advantage that it was possible to correct 
any unfairness visually, and it was also possible to check 
the results by measurements of actual strain afterwards 
made. These factors being determined, it was possible 
to relate the principal radii of curvature to stress as 
follows :— 

Take any point P on the upper surface of the plate 
the co-ordinates of which referred to station 46 as origin 


























Fig. APPARATUS FOR TESTING FLAT PLATES. 
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and to follow it to fall by opening the exhaust cock at 
intervals. At each of these an observation for deflection 
was taken and the component parts of the pressure 
producing it, as regis by the scales applied to the 
apparatus, were recorded. A zero reading was again 
taken for zero in all cases. 

All four plates were thus experimented on and deflec- 
tions taken at the various stations on the plate. These 
deflections being obtained, it was possible to plot con- 
tours of the plate at a definite pressure. These contours 
were in effect plotted for pressures 40 lb. per square inch 
for Plate D (} in.), 30 lb. per ate inch for Plate C 
(4 in.), 20 Ib. per square inch for Plate B (}in.), and 10 lb. 





apparatus, and a mean 
case. These were Plate A, 0-245in.; Plate B, 0-356in. ; 
Plate C, 0-48 in.; Plate D, 0-736 in. 

plates both with and across i 
the drilled 


hysical 
constants, including that of Poisson's ratio, were obtained. 


* Paper read before the Institution of Naval Architects, 
April 11, 1919. 
t See Enonurzzrme, vol. civ, page 35, et seq. 





per sq inch for Plate A (} in.). Consideration of 
space, of course, prevents the reproduction of all these, 
but four of them are shown in Figs. 4 to 7, page 788, 
inclusive, the curves marked Z being the contour curves 
along the sections indicated. 

Now the principal curvatures at any point on the plate 
are given by the equations :— 
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PLAN OF BRIDGE. 
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are z, y, and let the thickness of the plate be ¢ ¢. 
and 6 be the principal strains at the point P, then : 
t 


@= 5 b=— 


r2 


Let a 








Let p: and po be the principal stresses at P and — be 
Poisson’s ratio. 
a = § =P _ P2 (§ is Young’s Modulus) 
rT) E mE 
ees . eee 
tf EE mE 
from which : - 
_ mEt 1 m 
n = 5(5*5) 
_ mEt 1 m 
n= Fees 


The principal stresses were calculated for each of the 
stations on the four plates, and a statement of the results 


is sepantet in Table I. 
convention was ado that pull forces be 


pos as positive and push forces negative. ; 
t was felt, however, that these derived results might 





admit of some error, and thet. it was desirable that some 
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Tastz I.—Principal Stresses in Tons per Square Inch. TABLE Il.—Macntrupsz anp Sion or Prnvorat Srausses (ix Tons rer Square Ince). 
=¢| PlateAat | PlateBat | PlateCat | Plate Dat Plate A at 10 Ib. per Plate B at 20 Ib. per Plate C at 30 Ib. per Plate D at 40 Ib. per 
SS| 101b. per oo 30 Ib. per 40 Ib. = Square Inch Pressure. Square Inch Pressure. Square Inch Pressure. Square Inch Pressure, 
og uare Inch uare uare uare Inch Station 
As ure. ure. ure. ure. 7 
Strainmeter. | Deflection. stratnmete. | Deflection. | stratameter. | Deflection. | Strainmeter. Deflection. 
46 | +04: +41 | +9°90:43°8 | +85:4+3°6 | +55: +271 
47 | +72: B4 | TOR: FES | FG +80 | +402 +13 | a6 [41n-2: 45-4] 49-4: +4°1]410-0: 44-0] 40-0: 48-8] 49-12 44-1] 48-5: 48-6] 45-8: 42-1] 45-5: 42-1 
© | as. ae | oebs kel cet oes | ae 2 53 +99: +4-8/4+10-2: +4-6] +95: +3-7] +9-5: +8-8] +8-6: +8-9) +7-9: +3-6] 45-5: +2-2] +5-4: +21 
49 7102: 446 | 495:438 1 479: 430 | 454,324 60 49-1: +4-4| 46-2: +8-6] +0-0: +4-4) 48-1: +3-7] +7°8: 43-9) +7-1: 43-7] +4°9: 42-4] 44-7: 42-1 
53 |+ 67: 431 | 460: 425 | 464: 42014382415 67 +7-6: +4-9] +5-8: +4-1] +7-8: +5-0| +7-4: +4-1] +6-3: +3-8] +6-8: +3-9] +4-3: +2-3] 44-1: 42-2 
oe | tee: es | 414% <33: 267 | 28s. ae 74 «| 45-4: +4-8] +5-0: 48-0] +5-4: +8-0] +5-6: 43-8] 44-4: +2°0] 44-3: 42-8] +2-0: 41-8] 42-0: 41-7 
55 sid, 55 | 043 2804 abet oat Landes pet 81 +12: +0-5| —8-0: +0-7] 41-4: —0-5] 41-8: —O-7| +1-2: —O-6] 41-1: —0-6] +1-1: —0-4] 41-0: 
56 |— 6-2: 436 | +81: 437 | 471: 487 | 4472421 47 49-2: —4+1] +7-2: +8-4] +7-2: +2-8] +6-5: +2-6] +6-6: 42-0) +6-1: +8-0] +42: 41-5) +4-0: 41-8 
O° | teae 42% | 407:480 | 100.235 1 288. 21% 54 | +8-6: +3-7| +6-7: 48-1] 46-8: +2-6] 46-0: 42-5) +6-2: 42-8) +6-4: 42-9) +4-0: 41-6] +3-8: 41-5 
61 +39: 1413 ~i1:407 | 41% ti Toa. tes 61 +7°8: +3-7| +6-5: +2°8] +6-7: +3-2] +6-7: +3-0] +5-8: +2-8] +6-0: +8-3] +3-7: +1-6] +3-8: +1-8 
S | ees bs | be, cael oe +33 Mr = at 68 +6-4: +3-7| +5-7: +2-5] +6-2: +8-4] +6-2: +3-0] +5-0: 42-5] +5-4: +2-5] +8-6: 41-6] +3-7: 41-8 
© lian: ann +741 464 | 4081280 | 2040408 75 +5-6: +3-0] +5-4 +4+2-2] +5-2: +2-0] +5-3: 42-1] +43: 41-4] +4-6: +1-8] +3-1: +0-9] +3-0: 40-0 
| tea: Tous ee: pee oa; +s. +33: +. 82 +2-3: 40-4] +2-0: —1-5] +2-1: —1-6] +2-83: —1-0] +1-9: —1-2] +1-8: —1-6] 41-5: —0-9] 41-2: —1-1 
68 pet bie o 7oe: tte wie, La Tia, tes 48 +0-7: +0-4] —3-0: —0-8] —1-0: —0-1] —1-2: —9-1] —0-9: —0-2 —0-6: —0-3] —0-5: 
69 +333 —Sa | ee, + 3. *s waa v4 55 +0°8: +0-5| +2-0: —1-5| —1-0: —O-7| 41-1: —1-5: —O-8| —1-2: —0-7| —O-5: 40-2) —0-6: +0-1 
a Bre ee 34s: 4b0 | 440. 2be | abe. ae 62 +1:0: —O-7| —O-9: +1-2] —1-1: +0-2] —1-1: +0°7| —1-1: 40-5] +1-6: +1-2] +0-7: —0-5| +0-8: +0-5 
= | Ia + + tee + bet Ti be + +1 69 | 41-5: —O-1| +1-9: —1-0] —1-4: +1-2] —2-0: 41-1] 41-8: —1-0] +1-0: —1-8] +1-1: —0-8] +1-0: +0-6 
S at + 4 tT at + tee +33; ae S30; +09 76 +2-4: 0-7] —8-1: 41-2] +2-3: —1-9] +2-2: —2-3] +2-0: —1-5] 41-8: —1-7] +1-4: —1-4] 41-0: 
77 | —76:—2°5 | —6°1: —15 | —4°9: —1°6 | —2°9: —06 83 —2-1: 42-0] —2-7: +1-5] —2-7: +1-7] —8-3: +2-2) —2-2: 41-6] —2-5: +1-6| —1-7: +1-2| —0-8: 40-1 
81 <30: +07, $18: -07 +11: -08 +10: ee”. e Wk. ie 
2 | +20: — 2°65) £24: —1°9 | +16: —1°6 | +12: —1°1 Taste I[11,—Inclination of Principal Azes of Taste LV.—Principal Stresses (in Tons per 
83 | —2°7: +1 | —8°3: +22 | —25: +1 | —0°8: +071 “mapa : , 
g4 | —2°4: —0°8 | —3-2: —09 | —2°6: —0-9 | —1°8: —0°2 Strain with Azis O X. Square Inch). 
s | =$4:289 | =et!=83 | te! os | eis 
89 | —5'°S: — —61: —18 | —4°6: —0°9 | —2°4: —04 | No. of ; | PlateAat | PlateBat | PlateCat | Plate Dat 
90 | —24:—08 | —30: —06 | —5°1: —1°2 | —1°6:zero | station. Plate A Plate B Plate C. PlateD. |& | 101b. per 20 Ib. per 30 Ib. per 40 Ib. per 
, ‘= | Square Inch | Square Inch | Square Inch Square Inch 
2 o " = | P ? e Bi . Bg 
means be adopted of measuring directly the strain at be 
any point on the surface. This was done by meansofa| 4, | . 7. -—.. pg 
strainmeter, for a desc:iption of which and of the method 47 90: 180 90 : 180 90 : 180 90 : 180 46 |4+11°2: +54 |4100: +40 | +02: 441 | +5°8: 424 
of its use, members are referred to the paper above quoted. | 48 90 : 180 90 : 180 90 : 180 90:180 [47 | +02: +41 | +72: +28 | +66: +29 | +42: +15 
The instrument was used in the manner referred to on all 49 90 : 180 90 : 180 90: 180 90 : 180 48 | +0°7: +04 | —10: —0'1 | —09: —O'2 | —06: —03 
the plates, for stations 46 to 83 inclusive (see Table II), to = os: Le of = 4 ++ Ho =: Hod rf 383: +S. +33: +s +3 $ +38 ts: +73 
: = cahalems dies diel » ae) ; - : : “+ 3:42" 2: 42 ; 
sete a oe re tion the direction of the principal | 55 | gi:i71 | 88:178 | 81:171 | 80:170 |85 | +08: +05 | —1-0: —07 | —15: —08 | —05: +02 
a ee he | ed chor ai Si 60 91: 180 90 : 180 90 : 180 90:180 |60 | +91: +44 | +01: +44 | +78:4389 | +49: +24 
that axis. For stations on the long an rt diameters | 6) 100 : 190 04:184 | 101:191 | 103:193 |61 | +78: 4387 | +67:+43°2 | +5°8: +428 | +8°7: 416 
of the plate the principal axes of strain are coincident in| 62 136 : 225 81: 171 65: 155 66:156 |62 | +1°0: +07 | —1:1: +0°2 | —1°1: +05 | +0°7: —05 
direction with those axes. For the remainder of the 67 00: 180 90: 180 90: 180 90 : 180 67 | +76: +49 | +78:4+50 | +63: 43°38 | +43: +23 
stations these had to be determined by experiment. 4 a Hh ie a Hr 7S . T3233 na + | ek te ye + + +88 Tr. ar 
‘ rains fi . : . : : : : 5: —0° —1%4: . 8:— 1: -—0" 
sethod th tonmse OF ie canpinn eeniinen at airesis es | 90:1 :1 90:180 | 90:180 |74| +54: 448 | +54: 439 | $44: 429 | +29: 418 
P - ith ey 2 ng X - 75 129:219 | 127:217 | 127:217 | 124:214 |75 | +5°6:+480 | +5°2:420 | +43:414 | +31: +409 
the strainmeter with the axis O X. The maximum or 76 142 : 232 148 : 238 141: 231 140:280 | 76 | +24: —0°73| +23: —19| 42:8: —15 | +14: —1% 
minimum strain and the directions of the principal| 91 90:1 : 180 90 : 180 00:180 |81 | +1°2: +405 | +14: —05 | +12: —06 | +11: —0%4 
axes of strain could then be found by inspection. A 82 | 130: 220 126 : 216 123 : 213 123 : 213 82 +2°3: —O°4 | +2°1: —16 | +190: -—1'2 | +15: -—09 
sample of these curves, that belonging to Plate B, is 83 | 48 : 138 45 : 185 45: 135 45:185 |83 | —21: +20 —2°7: 417 | —2°2: 416 | —1°7: +12 
shown on Fig. 8, page 788. T. III shows the 














Fie. 2. 


direction of the principal axes of strain with the axis 


of X for the four plates A, B, C, D, for the pressures 
10 lb., £0 Ib., 30 Ib. and 40 Ib. per square inch respectively. 
It will be seen that with the exception of one station the 
direction of the principal axes of strain are fairly constant 
for the range of thickness taken. stresses 


The princi 
P, and p2 were related to the guinaipal strains a and b 
as follows :— 


aa fl. 





Bs 
=? el 


b= 


where E is Young’s modulus and i is Poisson’s ratio, 
m 
from which : 
r= 





a4 meee 


mE 
mt — 1 


These stresses were worked out for all the stations 


iven 
in the preceding table, and the results are set forth 
in Table IV. 


The ellipses of stress at the various stations on the 


P2= (mb + a) 








Fra. 3. 
maaan B, C, D, are shown on Figs. 9 to 12, page 78%, 
ve 


sive. 

Results have thus been obtained directly by means of 
the strainmeter, and derived from curves of deflection ; 
the “ Table of Magnitude and Sign of Principal Stresses ” 
sets these forth in a comparative form (see Table I1). 

It appears from these results that as close a corres- 

mdence has been obtained as could be expected, 

ay by view the material experimented upon, and the 
fact that the stresses as determined from the deflection 
curves take account of bending only and not of stretching. 
This latter element becomes important when in the 
thinner plates the contour of the plate takes a pro- 
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dly e form. In the case of Plate A, for 
example, the difference due to this cause is clearly 
visible, but in the other three plates, for the range of 
pressures employed, it is not so clearly seen. 

The maximum stresses will occur along the shortest 
diameter of the plate, and Table I, on page 787; shows 
the maximum stresses found to exist at station No. 46, 
the centre of the plate, and station 49, the end of the 
short diameter. 

The ratio of the stress at the centre of each plate to 
the stress at the end of the short diameter varies from 
0-92 in the case of Plate A to 1-14 in the case of Plate D. 
The nature of the results, however, shows that there 
is not a great difference between the stresses at the 


Fig.4. PLATE A-%. 
























ends.” If it is convenient to e the maximum 
stress at the station 49 by means of a bending moment 
formula : 

M.y 


1 


then for the plates A, B, C and D, respectively, M works 
out at values : 


w.1@ w.l2 w. le w. it 
23-0 24:3 24-5 22-4 
A formula giving approximately the stresses found at 


the ends of the short diameter of the plates B, C and D, 
can be stated as follows :— 





The deflections given by this formula and those actually 
found are shown in the following table, the respective 
pressures being as before :— 


Deflection at Centre (in Inches). 




















— Plate A. | Plate B. | Plate C. | Plate p. 
Actual .. 0-2085 | 0-163 | 070896 | 0-041) 
Grashof 0-21 0-169 0-0912 0-033 

















Grashof’s formula for deflection therefore gives results 
where are approximately correct. 


fug.d. PLATE B-%. | 
Curve of Deflections (Z) %" -01946" 


Scales 
CURVE 46-49. 



































































































































































































Curve of %:%=-00675" “1 = 002 
Seales.) “ ~° % = 001 by? (7? * Whoupve 53-50. 
” 7 on %=-001 } Pressure 20 
10 
CURVE 46-49. 
CURVE 53-56. 
8 / 
+9 ‘ 
6 # N 
a 
Se /| 
3 4 
2 _ $2 -GABC a8 a7 46 54 55 DCBAS6 
, 7. PLATE D 
" CURVE 46. Fig. ¢ P CURVE 53. 
484BCD 468 a7 46 34 35 36 © Curve:1 Small Dive cf. ~ W003 75 hot nara’) 
53 » 9 “e » =9001 ‘..° * = 00f =(normal)| so, 
&, o i - #00001" 7° * =(0001 /\ 
\ / +80 
Z a" / 
$s ly +60 
yy* 
V +90 
Fig.6. PLATE C-¥. A i NN 
Curve of § Inch--00615" \ 
Seales{ * “ % - -00r y N20 
&- -¢or" 
Ly 14) 4 
PRESSURE 30L8S.PER Soin. L 
STATIONS 46-49. STATIONS 53-56. = @ 7 46 7 55 56 
gx ” Fig. 8. PLATE B= %" 
- DIAGRAM SHEWING STRHIN AT CONSTANT PRESSURE OF 20LBS. PER So./ 
qz IN TERMS OF INCLINATION OF AXIS OF STRAINMETER WITH AXIS OF X. 
47 H7. 
= yy t ; — 
Tension by fidl lines. 
+ Sar P dotted - 4 ca 
‘ 1) Hawemeeer tT 
87; z pe mpl heey Tacntion ga as wt 7 75 27° 
axis 
54 — ra 
84 e ve v4 
a4 “=i é7; 5 ae 
% alae 
~ 4 
baa 
“gap 7 4G 4 35 DCBAS6 A a 
40 50 © Ww 80 90 0 10 120 130 
centre and ends of the plates, and that the strips of fo 087 x Grashof’s formula for stress is as follows :— 
lating — a om as a pene. ——t to .< oe tant fe 2 4 at 
fi ends. s is shown not o . - E f . CD. salad ote @ 
stress results, but by the contours of the plate ae plotted. where f is stress in material (tons per square inch), a+ #2 


Elastic straining d ge ts within the rigid frame to an 
indefinite degree and permits curvature conditions 
totally different from those iavolved by the term “ fixed 


Maximum Principal Stresses (Tons per Square Inch). 

















Plate A at | Plate B at | Plate C at | Plate D at 
10 Ib. a 20 Ib. per 30 Ib. a 40 Ib. . 
Stations. uare In uare In uare Square Inc 
y ote jure gt esure, 
fi | 46 +11-2 +10-0 +91 +5°8 
fe | 49 —12-2 — 9-9 —8-2 —5-1 
fi 0-92 1-0 1-11 1-14 
Se 

















pis normal pressure on plate surface (pounds per 
square inch), 
t is mean thickness of plating in inches. 


Grashof’s formuls for the deflection at the centre of 
a rectangular plate, and for the stresses at the ends of 
the long and short di ters, are ti used 
engineers. The formula giving the deflection at the 
centre is as follows :— 
ae ae 14b4 
32 E. 8 + b4 

where v is deflection at centre (inches), 

p is pressure (pounds per square inch), 

t is thickness of plate (inches), 

E is Young’s modulus (pounds), 


and 





by 





lis unsupported length of pe (inches), 
6 is unsupported breadth of plate (inches). 


where f@ is stress at ends of long diameter (pounds per 


square inch), 
6 is half-breadth of plate (inches), 
a is half-length of plate (inches), 
t is thickness of slat (inches), 
p is pressure (pounds per square inch). 
Lage stress at the ends of the short bo er ok gon 
&@ co ndi uation of symmetrical form, an 
the seinen es dndeood from the deflections and as given 
by this formula are as stated in the Table above, the 
—t pressures being as already given, 
here is thus nd correspondence between the results 
obtained and those given by an application of Grashof’s 
formula, and this is not remarkable when it is considered 
that the latter appear to approximate closely to the 
results obtained by considering each strip of plating as an 
isolated beam fixed at the ab. 
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The principal bearing shipbuilding practice of the | these stiffeners would be exposed, on the assumption | to 0-68 with frames spaced 36 in. apart. Assume that 
conden auaeiied ta ait smened is to establish the fact aon cach sang bo as a gi ow Sanek tn Ghaaetians the seuetl tp pelend Gn the eumt cf Gente-ef her own 


that the stresses in plating exposed to water pressure 
are not of the ve magnitude hitherto supposed. 


Stress at End of Short Diameter (Tons per Square Inch). 























_ Plate A. | Plate B. | Plate C. | Plate D. 
Grashot ee 21-0 19-1 15-75 9-3 
Actual .. oe 12-2 9-9 2 5-1 

u 





Let there be taken an ordinary cargo vessel of the 
following principal dimensions: 305 ft. by 43 ft. 9 in. by 
25 ft. 3 in. An outline midship section of this vessel 
is shown in Fig. 13, annexed, and the dimensions and 
proportions of the various parts marked thereon are 
those required by the rules of “ Lloyd’s Register of 
Shipping.” It will be seen that the frames are formed 
of bulb-angle section, 9} in. by 3} in. by 0-52 in., spaced 
24 in. apart, and riveted to shell plating which is 0-54 in. 
in thickness. 





In calculating the strength of the frame girder when 


regarded as a gird i 

at the deck and double bottom, would be approximately 
1l tons square inch. The stress w! the lower 
course of plating would be e: to, under the same 
conditions of loading, would be about 6 tons per square 
inch, derived from the results obtained. There is thus 
a similar discrepancy between the stress conditions of the 
stiffeners and plating, as found in the case of the frames. 

The Freeboard Committee have adopted a standard 
for the transverse strength of steam merchant vessels, 
and in doing so have formulated a rule which connects 
the thickness of — with increments to the standard 
frame spacing. The rule is as follows :— 


ant /% 


where ¢; is thickness of shell plating required (in ) 
t is the standard thickness of shell plating (in 
inches), 
and §8S, and 82 are the proposed and standard frame 
spacings respectively. 
This formula is empirical and simply embodies in a 


hh. 
































length and that the resulting bending moment approxi- 
mates to the standard ve where W is the displacement 


in tons, and L is length of the vessel in feet. 
circumstances the stress developed at the wale is 
8-5 tons per square inch. The increase to the plating 
increases the modulus of the section by about 12 per 
cent. and correspondingly reduces the stress, the decre- 
ment being approximately | ton per square inch. 

Now, the stress due to water pressure on the bottom of 
the vessel, with the frames spaced 24 in. apart, is, in the 
conditions assumed above, about 2-2 tons per square 
inch. On no reasonable supposition can it be shown 
that the effect of widening the frame spacing is to effect 
an increase of stress of a different order of magnitude 
from the decrement found above. From the experi- 
mental results the stress is found to vary inversely 
as the square of the thickness of the plating. Assume 
that it also varies directly as the square of the un- 
supported span. The stress existing in the plating when 
the frames are spaced 24 in. apart is thus increased from 
2-2 tons per square inch to 3-4 tons per square inch, 
the difference being 1-2 tons per square inch. This 
corresponds with and is neutralised by the decrement 
of 1 ton per square inch due to the increased modulus 
of the vessel as a whole, produced by the increases in 
scantling due to the wider frame spacing. It therefore 
appears that the formula sug by the Load Line 
Committee and embodied in their report provides with 
reasonable accuracy for the altered conditions con- 
templated. 

The general conclusions in regard to the effect of the 
foregoing results on shipbuilding practice may be stated 
as follows :— 

1. That the stress in plating due to water pressure is 
not so great as had been assumed, and under the same 


Under these 

















Fig. 73. SCREW STEAMER 305 F!x 43-75 Fl x 25-25 F7 
MIDSHIP SECTION. 
SHEWING PRINCIPAL SCANTLINGS. 
—————_—_—__=__ Stringer 50:56 32 
Steel Deck “34 Py 
a ——— . a a 
Beams 8:13:46 Bulb Angle 1 | 
| spaced 4 apart. Ts 
= - 
| | 
: i 
it 
Watertight Bulkheads 
Plating 34 to 30 i 
Stiffeners 10: 34+52 Bulb Angle Bal & 
spaced 30 apart - . 3 
Frames 9 «34252 | y 54 
BulbAngle spaced 24 apart. s! 
SECTION OF FRAME GIRDE. 4 Ra 
01 54 ‘ 
93h 52 B.A. = 
4 
te 40 
6: 35044. 









































exposed to water pressure it is usual to make the assump- 
tion that the frame with its appropriate amount of shell 
plating is a beam fixed at both ends and supports a head 
of water extending to the upper deck. Ths condition 
of loading is used as a standard of comparison only ; it is 
often exceeded in actual service, and obviously it takes 
no account of dynamic conditions which are not deter- 
minate. On this assumption the section modulus of 
the frame ~~ being 23-7 (inch units) the maximuin 
stress in the material is found to be — 
9-6 tons per square inch. The length of the frame 
is taken as in Fig. 13, above, and the load is assumed 
to be uniformly distributed. On the same assumption 
in regard to loading, the stress in the plating due to 
water pressure—the head of |water extending to the 
upper deck—would be approximately 2 tons per square 
inch, derived from pon. 5 obtained. It will thus be 
seen that, comparatively, the stress in the plating due 
to water pressure is not of the same order of magnitude 
as that in the frame girder. 

In regard to the watertight bulkheads fitted in a vessel 
of the above dimensions, the recent report of the Bulk- 
—— Rags ene oun = the stiffeners to be 

in. by 34 in. -52 in. an, sage pee engl 
and the nlamenacs of the lower pre of bulkhead plati 
to be 0-34 in. thickness. Adopting standard laid 
down by the committee, the stiffeners, if 24 in. 
apart, would be 9 in. by 3} in. by 0-54 in. bulb angles, and 
the plating would be 0-30 in. thickness. ing the 


hold to be completely full of water, the stress to which 








convenient form the shipbuilding practice of the last few 
years. The shell of a sea-going vessel is subject to 
enormously complex straining actions, but naval archi- 
tects generally restrict themselves to a consideration of 
three states of stress arising from three definitely- 
assumed conditions. The first is that due to the action 
of the frame to which the shell is attached considered as 
a girder, to which reference has already been made ; the 
second is that due to water pressure only; and the 
third is that due to the straining action of the ship 
considered as a whole when placed in a given ition 
on the crest or in the hollow of a wave of assum length 
and depth. It is evident that by increasing the spacing 
of the frames the stress due to water pressure will be 
increased, and to provide for this the thickness of the 
plating is i By increasing the thickness of the 
Eating. however, the section modulus of the vessel is 
in 

sideration of the ship as a girder is reduced. 
assumes that no loss of efficiency results when the plating 
is under compression due to secondary flexure between 
the frames, and this is an entirely reasonable assumption, 
experience having shown that at much wider spacin; 

than are adopted in the hull, the plating is quite capab 

of transmitting push forces of considerable magnitude. 
The object to be attained is to increase the plating so as 
to leave the stress conditions as far as possible unaltered 
under the new conditions. In the case under con- 
sideration the thickness of bottom plating would be 
increased from 0-56 with frames spaced 24 in. apart 








creased, and the stress resulting from the con- | that 


conditions of loading is not of the same order of magni- 
tude as the stress developed in the stiffeners. 

2. That, accordingly, the plating of watertight bulk- 
heads in cargo steamers, oiltight bulkheads, deep tanks 
for water ballast, and all — of structure intended 
primarily to resist stresses due to water pressure could, 
from the strength point of view, with safety be of reduced 
thickness in relation to that at present fitted, the 


| stiffeners being of efficient design. 


3. That the increase in the thickness of the shell 
plating of steam vessels in respect of wider frame spacing, 
as fixed in the Report of the committee appointed by the 
Board of Trade to advise on the Load Lines of Merchant 

| Ships (page 41 of Report), provides for substantially the 
same stress — in the new conditions as in the 
8 vess: 





Materiat Testinc By Drixinc.—Since there is 
hardly any generally accepted definition of hardness 
and the hardness tests of Brinell, Ludwik, by scratching 


acid, and by the oy are not concordant, Professor 
Kessner proposes, in No. 208 of the “‘ Forschungsarbeiten 


auf dem Gebiet des Ingenieurwesens” a drilling test 
| by which he determines what he calls the ‘‘ workability ” 
of a material. This term is to refer to the ease with 
| which the material lends itself to being worked, drawn, 
|rolled, hammered, &c. That a drill test should be 
particularly characteristic of this property, is not self 
evident. ut Kessner finds that his drill test indicates, 
the increase in the lead percentage on a brass, when the 
| Brinell hardness afforded no clue. In the case of steel 
| the resistance to cutting tools depends both upon the 
| hardness and — the workability ; the latter decreases 
|in general with increasing carbon percentage as the 
| elongation does whilst the Brinell Soedeen increases with 
| Fising carbon. Kessner performs his test by using drills 
of a special shape and measuring the depth to which 
| the bit has penetrated after 100 revolutions. 





Farure or Cast-Iron Actp Eeas.—Two cases” of 
| failures of acid eggs containing the mixed acid (sulphuric 
|and nitric acids, both concentrated) used in the manu- 
|facture of trinitrotoluene, were discussed by Mr. A. C. 
| Cumming, of the Lothian Chemical Works, Limited, of 
ag before the Edinburgh Section of the Society of 
| Chemic Industry last Janu Both the accidents 
| occurred two years ago while acid was discharged 

egg ’’ under a pressure certainly below 60 Ib. 


from the “ 
per square inch. The one egg had a diameter of 4 ft., 
a _— of 4} ft., and a wall thickness of 1 in., the other 
egg the corresponding dimensions of 6 ft., 6 ft., and 
4} in. In both cases the vessel seemed rather to cave 

than to be blown outward, though it disrupted into 
small fragments. There was not any notable corrosion 
of the iron, nor any diminution in the tensile strength of 
pieces taken from the inner surface. Microphotographs 
taken by Dr. Desch, disclosed, however, an accumulation 
of large plates of phite forming a network of suriaces 
along which on might enter the metal. Further 
examination showed that the acid had actually penetrated 
into the metal to a depth of one-third of the shell, and 
8 masses of salt crystals had formed. It is 


This | concluded that the expansive force of the crystals had 


caused the rupture, and that the sir ure of the 
blowing operation had little to do with failure. For 
the crystals and cracks were also observed in vessels 
which had never been under pressure. A similar 
observation was reported by Knietsch in 1901 when he 
investi the action of forming sulphuric acid on 
cast-iron. Knietech observed evolution of both sulphur 
dioxide and sulphuretted hydrogen, and he held the 
gas pressure partly responsible for the failure ; the 
assumption seems plausible, though Cumming ques- 
tions it. 
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‘‘ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELEOTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOT OF 1907. 
mn each _< 3 where aone @ mentioned the Specification is not 
illustrated. 
Where inventions are communicated from abroad, the Names, &c., 
of the ae are once Sm 9 n Offes 
ns obtai: atent 'y Sales 
ie 5, ieedheuntes Buildings, Chancery-Lane, W.C., at 


ie engures gots of SE 
The date of advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 

has been sealed, when the word “ a 


v — to 
Patent on any grounds mentioned in Act. 
ELECTRICAL APPARATUS, 


123,249. Osram-Robertson Lamp Works, Limited, 
Hammersmith, London, and T. J. Sack, Hammersmith, 
London. Incandescent Electric Lamps. (1 Fig.) May, 30, 
1918.—This invention relates to incandescent electric lamp 
having a coiled filament. According to the present invention, 
either or each end of the filament coil a is so hooked or looped 
to a supporting spring ¢c, which also serves as a conductor for the 
current in the filament, as to avoid obstructing the tendency of 
the filament coil to move angularly about its longitudinal axis 
under the stresses due to variations of temperature or mechanical 
tension ; the sup mingspring having, on the one hand, a cross- 
sectional area substantially equal to that of the filament so as 
to minimise the rate of heat transference by conduction from the 
filament at the point of contact therewith and having, on the 
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other hand, a resiliency only sufficient, after engagement with the 
filament coil, to maintain good electrical contact therewith, but 
without causing — extension of the coil when either 
cold or heated. The supporting spring ¢ may be in the form of 
a wire cantilever, which extends at substantially right angles to 
the axis of the filament coil, and is secured by one end to the 
corresponding leading-in wire e of the lamp, whilst the free end 
of the cantilever engages the contiguous end of the filament coil. 
In any case the mutually-engaged hooks or loops on the filament 
coil and its supporting spring should senpectleahy be adjusted 
tolie in planes substantially at — angles to one another so as 
to permit free rotation of the filament coil relatively to its 
supporting spring through the widest practicable angle. (Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


123,244. H. Lucas, Birmingham, and J. H. Chambers, 
Birmingham. Magnetos for Internal-Combustion Engines. 
(2 Pigs.) May 10, 1918.—The invention comprises the com- 
bination of a four-pole rotary armature in which diametrically 
opposite pole-pieces are of the same polarity, and a stationary 
magnetic system formed with three paralle] limbs, the central 
one of which carries the induction-coil windings, the arrangement 
being such that the ends of the armature co-act with the limbs of 
& permanent magnet, and when any one of the armature pole- 
Pieces lies opposite the central limb of the stationary magnetic 
system a pair of opposite armature pole-pieces lie opposite the 
ends of the two outerlimbs. The rotary armature is constructed 
from two pairs of magnetically-independent pole-pieces a and b. 
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All such pieces are mounted parallel with the axis of rotation 
_— the pieces of each pair are diametrically opposite. At one 
-~ the pole-pieces of one pair (a) are formed ntegrally with 
: jolated to a plate c, which co-acts with the inside face of one 

mb of the permanent magnet d, and the opposite ends of the other 
a, (0) are likewise connected with another plate e, which 
ey: with the inside face of the other limb of the magnet. 
Th yp opposite pair of pole-pieces are thus of the same polarity. 
nection pieces are secured together by attachment to a con- 
magnetite as f, of non-magnetic material. The stationary 
of nee ¢ system co-acting with the armature pole-pieces consists 
of a laminated frame having three parallel limbs g, h andi. The 

pen ends of the pair of opposite limbs gand hare fitted with pole- 


rotary pole-pieces. The central limb i carries the primary and 
secondary windings k,/. The free end of the limb¢is fitted with 
a pole-piece and is shaped to co-act with one of the armature 


pole-pieces. (Sealed.) 
122,536. J. E. Ellor, South Farnborough, and Sir H. 
Fowier, South Farnborough. Internal-Combustion 


Engines. (3 Figs.) March 6, 1918.—This invention relates 
to an improved apparatus for compressing combustible mixture 
for use in internal-combustion engines. The apparatus for 

pressing bustible mixture constructed according to the 
present invention comprises a single-stage high-pressure rotary 
compressor, the comparatively long blades and of the 
wheel of which are shaped in such a manner, and more particu- 
larly at the entrance of the liquid fuel, as to impart a momentum 
to the latter and create excessive friction and turbulence of 
the air and fuel whilst passing through said long passages, thereby 
causing an increase of internal energy; that is to say, the com- 
pressor is purposely designed on lines which are generally con- 
sidered to constitute an inefficient form of construction. This 
increase of internal energy is absorbed in changing the petrol, 
or other fuel, from its liquid to its gaseous state. As the volume 
of petrol in its gaseous state is greater than its volume in its 
liquid state the additional volume thus obtained is utilised in 








increasing both the pressure of the mixture and its velocity at 
the exit of the impeller passages ee ty to the pressure and 
velocity of an equal volume of air. The liquid fuel is drawn in 
through a central tube a near the centre b of the impeller wheel c, 
owing to the partial vacuum created at the eye of the impeler 
by its rotation, the air being also drawn into the eye thereof 
through the passage d and mixing with the fuel in the liquid 
form. The impeller blades ¢ and the passages / at the entrance 
of the air and liquid fuel are extended to a position A, as near as 
ble to the centre 6 of the wheel c, beyond the limits A; 
itherto employed in rotary gas compressors, in order that the 
fuel should impinge on the blades e in its poe form, thereby 
getting a momentum effecting an increase of internal energy, as 
hereinbefore referred to. At the entrance of the impeller, the 
blades are brought to a knife edge running from corner to corner 
of the position of the blade exposed to the entrance, in order 
to allow for the relative velocity of the air and fuel. The mixture 
passes from the exit of the impeller at a high velocity into a 
aot or vortex chamber in order to reach a static pressure. 
(Sealed.) 


122,865. W. G. Kent, London, and F. Martin, 
Sparking Plugs. (4 Figs.) January 2, 1918.—This 
relates to sparking plugs of the type in which the sep between 
the electrodes is capable of ready adjustment from the outside 
without removing the plug from the cylinder head, the anode 
being formed of a rod which passes through the insulation to the 
top of the plug and is screwed into a bush between it and the 
insulation. The top of the rod is provided with a head by means 
of which it can be screwed up or down through the bush. Accord- 
ing to this invention, the central rod G is provided with a disc H on 
which are marked graduations which can be read against a station- 


invention 


Fig. 1. 
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ary pointer J ; the periphery of the disc is preferably milled so that 
the disc may act as a thumb screw for adjusting the spark gap. 
The pointer J is also made adjustable so that if the head be 
turned until the rod G meets the fixed electrode B the pointer 
may be turned round to register with the zero mark and the 
head can then be turned back as far as desired, and the spark gap 
can be accurately read upon the graduations, which may con- 
veniently represent thousandths of an inch. Further, if the 
contact points should get sooty or oily they can be easily cleaned 
by screwing the rod down and back again two or three times 
80 that the deposit is rubbed away. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


123,015. J. E. Phillips, a. G. F. Phillips, 

, and W. H. Phillips, Birmingham. Guards 

for Power Presses. (5 Figs.) August 31, 1918.—This in- 
vention relates to guards or safety devices for power presses, 
of that type comprising two collapsible and extensible frames 
mounted vertically at an angle to one another and connected to 
sliding actuating means for extending and collapsing the said 


employed, which, when the guard is extended, en, 


stroke, so that the guard is free to 
rises. The guard comprises two collapsible lazy-ton 
vertically at an angle to one another, and having their lower 
inner ends pivoted to lugs 2 of collars 3 fixed upon a vertical 
guide rod 4 carried by the bed of the press, whilst the upper 
inner ends of the frames 1 are respectively pivoted to lugs 
collars 6 slidably mounted upon the said guide rod 4. r’ 
surrounds the latter and presses upwardly upon the collars 6, 
in oy - tend to collapse the frames 1 into the position shown 
in Fig. 1. 

slide 8, through which passes the vertical actuating rod 9 con- 
nected 

engaging with the upper face of slide 8. 


gages with said 
rd to lock it in such extended position, but is } ram 
isengaged therefrom on a Larey oy completing its downward 
collapsed when the ae 

se 


of 


A spring 7 


Mounted upon the rod 4 above the collars 6 is a 


to the pedal or hand lever, said rod 9 carrying nuts 
Fixed to the lower 














portion of guide rod 4 is a vertical blade 
atits upper end in a catch head which, when the guard is collapsed, 
rs inst the edge of the slide 8. When the pedal or hand 
lever is operated the actuating rod 9is drawn down, thus lowering 
the slide 8 and collars 6 upon the guide rod 4 and extending the 
guard 1 as shown in Fig. 2. The catch moves over the upper 
edge of slide 8 immediately above a locking recess in said edge, 
so that on the pedal or hand lever being released the spring 7 
slightly lifts the slide 8 until the catch is fully engaged with the 
recess, the guard thus being locked in its extended position. The 
plunger 14 of the press has attached to it a lateral arm 15 carrying 
an adjustable depending shank 16, provided with a releasing 
plunger adapted on completing its downward stroke, to enga 
the bevelled upper end of the catch in order to yong > 
latter from the recess in the slide 8, said catch being forced 
mye A that when the plunger rises it bears against the cdge 
of the slide, 7 guard free to be collapsed by the expan- 
sion of the spring 7. (Sealed.) 


“pring 11 terminating 


MOTOR ROAD VEHICLES. 


122,973. A, 5. nepepew, Aaten Wate, and C. A. Vandervell 
and Co., Limited, Acton Vale. Electric Starters. (3 Figs.) 
April 24, 1918.—This invention relates to an improved arrange- 
ment of electric starter for internal-combustion engines. ‘Ihe 
invention consists in an electric starter which comprises a gear 
inte ed between the electric motor and the engine, with gear 
members longitudinally displaceable out of and into theirmeshing 
position, and in which the said longitudinal displacements of the 
gear members are utilised for effecting the closing and opening 
of the ignition switch after the unmeshing and before the meshing 
of the gear members, respectively. a is an electric motor geared 
to the flywheel 6 of the engine. The gear may ——* a 
inion ¢ on the shaft of the electric motor, a toothed rim d on the 
ywheel, and intermediate toothed wheels ¢, f secured to an 
intermediate shaft g and adapted to be shifted longitudinally 
r with the latter shaft, by means of a lever A. The 
shaft g mo gente with an extension ¢ adapted to operate the 





starter switch j, the arrangement being such that when the 

Fig.1. 
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lever h, the shaft g and its extension é are in the 
in Fig. 1, the — switch j is closed, and when they are in 
the itions shown in Fig. 2, the said switch is open. The 
ignition system comprises a magneto ignition and a battery 
ignition with a trembler coil, the two ignitions being under the 
control of a switch & ada to be operated under the control 
of the start lever A; for instance, the two movable contacts 
Al and Bl of the magneto and battery ignition, respectively, 
may be mounted on a spring-controlled spindle 1 adapted to be 
longitudinally shifted in one direction by the shaft e ion ¢ 
under the control of the starting lever h, and in the opposite 
direction by its spring m, when released from the pressure exerted 
thereon under control of the starting lever. The operation 
of the arrangement hereinbefore described is as follows: The 
starting lever A is moved in one direction, as shown in Fig. 1, 


itions shown 





frames, said actuating means being operated from the clutch 





Pleces j shaped to co-act with one of the opposite pairs of 





lever or pedal. According to the invention, a catch device is 











whereby the two ignitions are disconnected by the ogee 
being short-circuited and the battery ignition circuit being 
broken by the ignition switch k, the gear wheels d, ¢, f,¢ being 
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immediately pe genes brought into mesh with one another, 
and the starter switch j being closed, the electric motor a now 
turning the engine so as to draw gas into the cylinders. The 
starting lever is ae moved in the o- direction, 
whereby the gear wheels are brought out of mesh with one 
another, as shown in —_ 2, the electric motor a is 
mechanically and electrically di ted. I diately upon 
the gears being brought out of mesh, the ignition switch & is 
shifted into its operative position in which the magneto ignition 
and the battery ignition circuits are re-established, thereby 
(Sonen)” spark in the cylinders and starting the engine. 





122,998. F. L. Ra , Liverpool. Steering Motor 
Vehicles. (4 Figs.) July 22, 1918.—This invention relates 
to supeyromente in means for steering motor vehicles, and 
consists in providing a device in which the steering mechanism 
is actuated by a block movable on an anti-friction thread, the 
block being disposed between compression springs which tend 
to keep the block in its normal position. The lower end of the 
hollow steering pillar 1 which is provided at its upper end with a 
hand wheel controls in the usual manner, is mounted in a pair of 
eens y A in a casing 3. The portion of the pillar shaft 1 dis- 


posed between the bearings is formed with two helical grooves 
4, 5, and upon this portion of the shaft 1 is mounted a block 6 
formed with co-operating helical grooves. Within these co- 





operating grooves is provided a number of. anti-friction balls 
which are circulated through channels 11 and 12 cut in the block 6, 
thus providing anti-friction threads which will enable the block 6 
to be easily moved axially along the shaft 1 when turned by 
the steering wheel. At each side of the block 6, and surroundin, 
the shaft 1, is disposed coiled compression springs 13 which ac’ 
to keep the block 6 in its intermediate position. h side of the 
block 6 is provided with outwardly-extending pins 15, which 
are adapted to move in the slotted ends of a lever member 16. 
The outer and lower end of this lever 16 is connected to the usual 
“ Ackermann” steering gear. The slotted ends of the lever 16 
are provided with adjusting plates 20 to enable any play between 
(beaiad) end of the lever 16 and the pins 15 to be taken up. 


122,955. TT. L. Williams, Coventry. Change-Speed 
Gears. (2 Figs.) March 18, 1918.—According to the present 
invention, a change-speed gear for a motor cycle comprises in 
combination a driving and driven shaft, each provided with two 
gears and a dog clutch to selectively engage at will the said 
gears with their respective shafts; and an intermediate shaft 
with three gears fast thereon and so arranged that one is in 
constant mesh with gears on both the driving and driven shafts 
and of the remaining two, one is in constant mesh with a gear 
on the driving shaft, and the other with a gear on the driven 
shaft. The driving shaft A has fast upon it the usual chain 
wheel Al driven from the engine sprocket. Carried loosely upon 
the shaft A are two gear wheels A2, A3, either of which is eh e- 
able at will with the shaft A by means of aslideable dog clutch 4, 
The driven shaft B carries fast upon it the chain whee! Bl, which 
is operatively connected to the road wheel of the vehicle, and two 





gear wheels B2, BS, loosely mouated upon it. Either of these 
gear wheels can be made rotatably fast on the shaft at will by 
means of a slideable dog clutch B5, An intermediate shaft C 
carries upon it three gears Cl, C2, C3, The gears Cl, C2 en 
respectively the gears A2, A3 on the driving shaft A, and the 
gears C2, CO engage respectively the gears B2, B3 on the drive 
shaft B. The wheel C2 on the intermediate shaft simult ly 
meshes with gears on the driving and driven shafts to form a 
simple train. The ratios of the gears A2, Cl and A3, C2 are so 
chosen that the intermediate shaft in each case rotates at a 
lower speed than the driving shaft. Theratiosof the gears A3, C2 
is preferably inverse to the ratios of the gears C3, B3in the order 
of driving, so that when this train is in operative en; ment 
the speed ratio of the driving and driven shafts is unity. The 
ascending order of gear ratios is as follows: First or lowest r, 
A®, Cl and C2, B2; second gear, A5, C2, B2; third gear, A®, Cl, 
and C3, B5; fourth gear, A‘, C2, and C3, B3 (unity), A “ kick- 











starter’ D, shown in chain lines, for starting the engine, may be 
applied to the intermediate shaft, by which means either of the 
gear ratios of the wheels Cl, A2, or the wheels C2, A3, may be 
employed as desired for starting purposes. This gives a favour- 
able gearing for the kick-starter, inasmuch as by reason of the 
ratios of these wheels above-mentioned the driving shaft rotates 
at a higher speed than the intermediate shaft. (Sealed.) 


122,980. G. A. Dunball, Romford. Motor Road 
Vehicles. (1 Fig.) May 23, 1918.—The invention relates to 
motor road vehicles which are built on light lines, and in which 
the halves of the rear axle are supported in position in the axle 
casing by means of bearings interposed between the two halves 
of the axle and the outer ends of the axle casing. The present 
invention consists in interposing auxiliary bearings between 
the halves of the rear axle casing and the rear road vehicles, 
as a consequence of which the part of the load to be carried by 
the rear road wheels is directly transmitted to the wheels and 
bending of the axle halves is prevented. 1 is one of the halves 
of the rear axle of a motor road vehicle, 2 is a part of the casing 
surrounding the axle 1, 3 is a roller bearing interposed between 
the axle 1 and the casing 2, 4 is part of one of the rear wheels 
of the vehicle, and 5 is a brake drum secured to the rear wheel 4. 
All of these parts are common to motor road vehicles of the 
herein-described type, and form no part of the present invention. 
According to the present invention, the part of the load carried 
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by the rear wheels of a motor road vehicle of said type, instead 
of being taken by the halves 1 of the rear axle thereof is directly 
transmitted to the rear wheels. This result is obtained by the 
use of means or fittings consisting of er oe rings 6 or housings 
bolted to the rear wheels 4, one to each wheel, and self-contained 
ball bearings 7, or, if desired, roller bearings, interposed between 
the flan rings 6 or —_ and the axle casing 2. The 

inst the inner faces of the brake drums 5, 
secure to the wheels 4 both the brake 
drums 5 and the flanged rings 6. Consequently, the flanged 
rings 6 and self-contained beari 7 can be supplied to any 
existing motor vehicle of the herein-described type, as all that 
is necessary is to provide the — tings 6 with bolt holes 
co. ding to t in the wheels 4 and brake drums 5 and 
to replace the bolts by which said drums are secured to the wheels 
| of slightly greater length. (Accepted February 19, 
1919.) 


PUMPS, 


122,887. R.F. Carey, Leigh-on-Sea. Hydraulic Pumps. 
(3 Figs.) February 4, 1918.—This invention relates to that 
class of hydraulic pump in which the capacity can be varied either 
by varying the strokes of the pistons or by altering the position 
of the valve or fluid distributing appliance in relation to the 
means used for imparting reciprocating movement to the pistons 
in their cylinders or vice versa. 1 is a cylinder having a larger 
diameter at the lower part for receiving a piston2 which carries 
a hollow piston rod 3 having at its —— end links 5 which are 
in turn connected to a lever controlling the capacity varying 
means. The hollow rod 3 is provided with shoulders 10, 11. 
The piston rod is also provided with ports 13 and with a stuffing- 
box 14. Inside the piston rod 3 the control valve 15 is positioned. 
This valve is of tubular form and connected at its upper end to a 
bell-crank lever 13. The valve 15, which is closed at the top 
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plug 12, the port 13 is opened to exhaust, the port 24 being 
closed, thus allowing for egress of the liquid from beneath the 
piston through the control valve, the piston rod at port 13, and 
through the port 26, and by reason of this liquid being released 
the pressure in the hydraulic apparatus 7 acts upon the annular 
portion of the piston 2 and pushes it with the rod 3 down until 
the collar 22 closes the port 13 and the parts are returned to the 
same relative or cut-off position as before the rod 3 operated the 
lever 6, but the piston will be in a lower position than before, 
and will have varied the capacity of the apparatus 7 through the 
rod 8. (Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 


123,023. William Beardmore and Co., Limited, Dalmuir, 
and R. J. Butler, Helensburgh. Propeller-Shaft Brackets, 
(2 Figs.) September 14, 1918.—This invention relates to 
brackets for supporting the outboard ends of propeller shafts 
in ships. A bracket made according to the invention comprises 
several parts made separately and afterwards united, namely, an 
open-ended cylindrical barre] member adapted to receive the 
shaft bushing, an arm member of V-like contour adapted to 
receive the barrel portion in the apex of the V, and a third 
member adapted to retain the barrel and arm members in relative 
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position. The barre] member A has formed in its periphery a 
substantially rectangular aperture in which is entered the 
embracing part of the arm member B, which may be, but is not 
necessarily, welded in situ. The outer ends of the arm membe! 
are, of course, adapted to be secured to the ship. The memteis 
A and B are secured by a bracket member C contoured to bear 
upon the periphery of the barrel member A and to abut against 
the inner faces of the arms B. It is secured to the arms by 
rivets D and to the barrel member by set screws, and, in addition, 
may be welded where attached to the arms B. (Sealed.) 


122,869. Cammell Laird and Co., Limited, Birkenhead, 
Sir G. J. Carter, K.B.E., Bromborough, and S.J. Wavish, 
Rock Ferry. Submersible Vessels. (4 Figs.) January 7, 
1918.—This invention relates to submersible vessels and has 
reference to means whereby the fore-and-aft inclination of the 
vessel to the horizontal may be controlled, and whereby rapid 
submersion and emersion of the vessel may be effected. Accord- 
ing to the invention, the said means comprise a propeller or pro- 
pellers D provided with respective encircling — F capable 
of adjustable angular movements about a horizontal or approxi- 
mately horizontal axis which is normal to the axis or centre line 
of the casing, the casings being adapted according to theirinclina- 
tion to direct the flow of water from the propeller, or propellers, 
so as to provide a downward or an upward reaction on the end 
of the vessel, which gives the vessel the desired fore-and-aft tilt 
necessary for submersion or emersion. The casings which are 
usually cylindrical, are preferably provided with pivots located 
in line with a transverse diameter, and in the case of twin pro- 














pellers the outer pivots of the pair of casings are supported in 
outer bearing brackets E1, the inner pivots of the casings pass!ng 
through a hollow central fin B within which the pivots are 





and open at the bottom, is provided on the outside with collars 
22,23. The cylinder 1 is recessed at 27 to allow of egress of the 
fluid from the port 13 to the port 26, and 28 is an inlet to the 
larger diameter of the cylinder 1 controlled by a ball valve 
poltioned in the tee-pipe 30 (Fig. 2) connected to the inlet 28, 
one arm of said tee-piece 30 being connected by a pipe 32 to the 
pressure side of the hydraulic pump 7, and the otherside by a pipe 
34 to the non-pressure side of the machine 7, and it will be under- 
stood that the ball valve is actuated by the pressure irrespective 
as to which side of the machine 7 the pressure is in, the valve 
being moved over by the pressure to allow of the pressure entering 
into the inlet 28, the opposite pipe being closed. Should it be 
desired to vary the capacity of the apparatus 7 the handle 18 is 





moved to actuate the control valve 15 and move it down in the 
piston rod 3 until the end of the control valve reaches the tubular 





ted together and to an operating lever; the said con- 
nections may be arranged so that the two inner pivots may, 
when necessary, be disconnected, and be adapted to be ine 
dependently operated. When the axes or centre lines of the 
casings coincide with the axes of the propellers (which latter ax¢s 
are fixed), the water is driven astern in a horizontal direction 
without affecting the level of the vessel ; if, however, the casings 
be tilted so that their axes point downwardly in an aster 
direction, the direction of the stream of water from ~ 
pellers will be deflected downwardly, and the vessel, by the 
reaction will be tilted into position for diving. Angular move 
ment of the casings in the opposite direction will produ . be 
reaction which tilts the vessel in the — direction. This 
action may be assisted by horizontal rudders of the usual A 
provided at the forward end of the vessel; or, of course, belo s 
propellers are jgeweee both fore and aft, corresponding ST} 
would be provided fore and aft. (Accepted February 19, 1 
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